NON-PATHOGENIC STRAINS OP HTV-1 



CROSS REFERENCE TO RELATED APPLICATION 

5 ThfT-T T K Q l f f1 '"" " TTlip^dn of US M«- filffd on ■ 

FIELD OF THE INVENTION 

The present Invention relates to non-rjathogenic strains of HTV-1 and to components. 

10 parts, fragments and derivatives thereof and to genetic sequences derived fkuefioin and 
their use in the development of diagnostic and therapeutic compositions foe die treatment 
and prophylaxis of AIDS and ATOS-related disorders. The present invention also relates 
to a method for fi*—™-*^ pathogenic strains of HTV-1 by imit ag ailrin g pa rtk i il a r 
regions of the HTV-1 genome. A particularly useful aspect of the invent invention is 

15 a method for determining the lilrHthood or otherwise of an individual who is 
seropositive for HTV-1 developing AIDS or AIDS-rdated symptotns. Anomer aspect 
of the present Invention is directed to strains of HTV-1 capable of synthesizing a 
modified Nef protein or having a wilo^ypeNefototeta 
rendering those strains of HTV-1 substantially non^MtftogenJe, 

20 

BACKGROUND OF THE INVENTION 

Bibliographic details of the publications referred to in this ■ pcc trWti on are collected at 
the cod of the description. Sapience Identity Numbers (SEQ ID NOs.) for the 
nucleotide and amino acid sequences referred to in the specification are defined 
25 foUowing the bibliography. 

Throughout this specification, unless the context requires otherwise, Ac word 
"comprise", or variations such as "canprises" or "araiprismg", will be understood to 
imply the mchision of a stated dement or integer or group of elements or integers but 
30 not the exclusion of any other dement or integer or group of elements or integers. 
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Genomic nucleotide sequences of HIV- 1 strains referred to herein are represented by 
their corresponding DNA sequence. 

5 Exemplary viral isolate* referred to herein as "CI 8" and "C9i" were deposited at the 
PHLS Centre for Applied Microbiology and Research. European Collection of Animal 
Cell Cultures (ECACC% Division of Biologies, Porton Down. Salisbury, Wiltshire SP4 
OJO. CIS was deposited on 17 October, 1994 under Provisional Accession Number 
V94101706 and C98 was deposited on 31 October, 1994 under Provisional Accession 
10 Number V941031 169. Viral isolate "C54" was deposited at ECACC on 10 March, 1995 
under Provisional Accession Number V95031022. 

A summary of particular deletion mutants of HIV-1 of the present invention referred to 
herein is given in Figure 11. 

Acquired Immune Deficiency Syndrome (AIDS) and AIDS feinted disorder* are the 
clinical result of infection by Human Immunodeficiency Vim* type I (HIV-1) (Barre- 
Sinoussi ef <tf. 1983). Infection by HIV- 1 is generally characterised by progressive 
immune system damage (Teeuwsen «r al, 1990; Clerici ef 1989) leading to 
20 opportunistic infections, malignancies or westing syndrome met conctituSe clinically- 
defined AIDS (Busch et al, 1991; Klaslow ef aU 1990). 

The high mortality rate of individual* infected with HIV-1 together wim the social and 
economic consequences of the continuing HIV-1 epidemic has created an urgent need 

25 for a safe and effective treatment and/or prophylaxis against the devastating effects of 
AIDS. However, despite over a decade of high level scientific research into the 
pathogenesis of HIV-1 and the clinical manifestations of the disease, together with a 
detailed molecular analysis of the virus, there has been little success in dse development 
ofan effective vaccine. To date, the mo* effe*^ therapy 

30 (AZT) which delays the onset of full blown AIDS and alleviate* to some extent the 
symptoms f HIV-1 infection. However, ACT is not an innocuous compound end AZT. 
metabolic products thereof or impurities therein can cause a number f aide effects 



-3- 

which limit long term treatment with the drug. Furthermore, AZT resistant iwlateshave 
been reported during treatment. Clearly, therefore. . need exists to develop Sanative 
strategies in preventing and treating HTV-1 infection. 

5 The initial phases of HIV-1 infection are summarised by Levy (1993) as involving 
attachment, fusion and nuclcocapsid entry. These phases have been the traditional foci 
in research into development of antiviral strategies. The molecular events at the virus 
genomic level have also been the subject of intense scientific research with an aim being 
the development of a live attenuated vaccine as apoasible approach for the treatment or 
10 prophylaxis of HTV-1 infection. 

There is a high variable rate of rm>^ HTV-1 infection to AIDS which 

reflects a rapidly changing pathogen and variable immune reeponee of the host to 
infection (Sheppard et al, 1993). With regards to the latter. HTV-1 can be considered 

IS as a heterogenous group of viruses differing at the genetic level with conewnitant 
variable pathogenicity. For example, HTV-1 strains can diffa ta meir ea|^ to kffl 
cells. Furthermore, it appears that HTV-1 strains evolve ma host after infect^ 
the evolution varies depending on the tissues infbete^ Tba major sites in 

the genome apparently responsible for biological and pathological variation are the 

20 highly variable envelope region (Cheng-Mayer et al. 1991; Shiodeef* 1992; Hwang, 
ef a/1991; Sullivan et al. 1993; <hx>eninkeraA 1993) and ma viral Mandatory regions 
such as for (Leguem et al, 1993). The genetic complexity of the HTV-1 group of viruses 
together with their variable pathogenicity, are major diffiairaes m the development f 
live vaccines, genetic vaccines or component vaccines. 
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Notwthstanding the highly pathogenic nature of HTV-1, there are some reports of long 
term survival of subjects infected with the virus (Lttwnont et a* 1992; Levy, 1993; 
Sheppard et al, 1993; U6on et al 1991). It is not always clear, however, whether a 
benign course following HTV-1 Infection Is due to host factors, viral sectors or other 
unknown factors. There are reports that most infected people have at least laboratory 
evidence f progressive immune lystem damage in the form of CD4+ cell loss (Lang 
et al, 1989) and d fective immune responses (Cterid et al t 1989). 
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Although simian monkeys have been used is an vivo model for HIV and Simian 
Immunodeficiency Virus (SIV) infection, a mq'or handicap in AIDS tcaca t rh has been 
the absence of suitable in vivo models to study the pathogenesis of the disease and, in 
particular, to study the viruses involved in benign Infection. The need for a suitable in 
5 vivo model is heightened by the fact that results obtained in vitro cannot necessarily be 
extrapolated to what occurs in vivo. This was clearly observed by Mosier ct al (1993) 
where conflicting results were obtained in animals compared to cell cultures. 

Despite the absence of suitable in vivo models, considerable scientific r ese arch has been 
10 directed to attenuating HTV-1 strains by mutagenesis of the virus genome. Deletions in 
the nefgcne have been implicated in attenuated strains of SIV and their use in providing 
protective effects in monkeys (Daniel *t al, 1992). However, Acre are conflicting 
reports on the possible negative influence the nrf gene product has on the rate or extent 
of virus replication (TenvilUgerr/o/ # 1986; Luchvef a/, 1987; Niedennan e/a/, 1989; 
IS Kim*/ a/, 1989; Hammes et al 9 1989), In fact, Kim *f<rf (1989) found that «^dJd not 
affect HTV-1 replication or HW-l long terminal repeat (LTRHUven CAT eap i rs sion 
Resder JILttal (1991) found that the ne/gtac is required for foil pattojrnkt potential 
in SIV. However, such is the complexity of foe HIV-1 group of viruses and the 
variability of immune responses between individuals let alone different species, that it 
20 is far from clear whether rur/ deleted strains of HIV-1 would behave atmflarty to nef 
deleted strains of SIV-I. There is a need, ^mdi^\a.w^\ahpmga^^pMaN^ 
of ne/ deleted HIV-1 strain as a vaccine candidate, to identify mdrvidoals Infected with 
such modified viruses. 

25 I^annonte/ a/ (1992) reported that a cohort of fi 

from a single HTV-1 infected donor have remained asymptomatic from up to about 10- 
14 years after infection. Subsequently, a sixth person has been identified as being part 
of the cohort Bom the donor and recipients were HTV-1 serof>ositive but with no 
indications of clinical symptoms of HTV-1 related disease and CD4+ oefl number and 

30 (^-microglobulin levels have remained in the normal range. Toe identification of mis 
cohort f benignly infected individuals provides a unique bi vfte model in which the 
pathogenesis of HTV-1 infection can be studied at the clinical and molrwilw biological 
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levels. 

However, it has not always been possible using conventional isolation procedures to 
routinely and reprodueibly isolate viral strains from the above i i miiriowrt donor or 
5 recipients which has frustrated efforts to investigate the cause of the asymptomatic 
individuals. In accordance with the present invention, mrt ho d s have now been 
~t*Mi*~A to isolate viruses from the above individuals. It has been determined, in 
accordance with the present invention, that individuals of the cohort are infected by non- 
pathogenic strains of HIV- 1. Furthermore, the nob-pathogenic strains of HIV- 1 carry 
one or more nucleotide mutations. The non-pathogenic strains of die present invention 
enable the generation of a range of therapeutic, diagnostic and targeting agents against 
HTV-1 infection. The present invention also enables the attenuation of previously 
pathogenic strains of HTV-1. Additionally, an investigation of the immunological 
profiles of cohort individuals has revealed that a non-pathogcaio strain of HTV-1 is 
indicated by a particular deletion in the coding region of a protein resulting in an altered 
immunological profile for the expressed protein. An example of an altered 
immunological profile results from a deletion of certain ammo adds in the Nef protein. 

SUMMARY OF THE INVENTION 
One aspect of the mveimVm b directed to 

fragment or derivative thereof which is substantially tun-pathogenic. 

Another aspect of the invention is directed to an isolated strain of HTV-1 or a biological 
source thereof; said HTV-1 having the following characteristics: 

(i) is substantially non-pathogenic in human subjects; and 
00 carries a modified n«f gene which encodes • mf g=» product 
substantially immunologically nc*>4nteractive with antibodies to ammo 
acids 162 to 177 of Nef in wild-type HTV-1. 



Yet another aspect f the invention is directed to an isolated non-pamofenlc strain of 
HTV-1 comprising a genome which la substantially incapable* f hybridizing under 
medium stringent conditi ns to a nucleic acid molecule comp ri s ing * sequence of 



nucleotides which encodes all r part of amino acids 162 to 177 of wild-type HIV-1 
Nef. 



Still another aspect of the invention provides a non-pathogenic HIV-1 iaotae which: 
5 (0 induces an immune response in a human or primate subject; 

(ii) does not substantially produce a proliferative response or cytokine 
production to a mitogen, alloantigen and/or recall antigen relative to a 
healthy, non-infected subject; and 

(iii) is substantially incapable of inducing im antftod^ 
10 162 to 177 of wild-type HTV-1 Nef protein. 



Still yet another aspect of the invention contemplates a viral isolate which: 

(0 is interactive to antibodies to a glycoprotein from HIV-1 adected from 
gp41-45, gpl20 and gpl60; 
IS 00 is substantially nonpathogenic in human subjects; and 

(iii) carries a deletion mutation of at least tea nucleotides in a region 
corresponding to all or part of amino acids 162 to 177 encode d by the nef 
gene of a pathogenic strain of HIV-1. 

20 Another aspect of the invention provides an isolated strain of HIV-1 which is reactive 
to antibodies to a glycoprotein of HIV- 1 , is capable of inducing an immune response to 
at least one of gag, pot and/or em and which is incapable of directing synthesis of a nef 
gene product or a full length nef gene product 



25 A further aspect of die invention contemplates a method for Inhibiting or reducing 
productive infection of an individual by a pathogenic strain of HIV-1, said method 
comprising administering to a subject a non-pathogenic isolate of HIV-1 in an amount 
effective to infect target cells and to generate target cells carrying DNA derived from 
said non-pathogenic HIV-1. 
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In yet another aspect of the invention there is contemplated a method for vaccinating an 
individual against the development of AIDS or AIDS related diseases, said method 
comprising administering to said individual a non-pathogenic isolate of HIV- 1 in an 
5 amount effective to infect target cells and to generate target cells carrying DNA derived 
from aud non-pathogenic HTV-1. 

In still yet another aspect of the invention there is provided a method for obtaining a 
preparation of non-pathogenic HIV-1 from a biological sample, said method comprising 
) co-culturing PBMCs from said biological sample from an individual putati vely infected 
with said non-pathogenic HIV-1 with HIV-1 seronegative donor PBMCs depleted for 
CD8+ cell* harvesting the PBMCs and supernatant fluid every from about 5 to about 
10 days and adding fresh medium with CD8+ depleted PBMCs with said fresh medium 
and isolating arid virus from die supernatant fluid. 

Another aspect of the invention contemplates a method for obtaining a preparation of 
non-pathogenic HTV-1 from a biological sample, said method comprising co-culturing 
monoc y tes from said biological sample from an individual putatively infected with said 
non-pathogenic HTV-1 with HIV-1 seronegative donor PBMCs depleted for CD8+ cells, 
harvesting the monocytes and PBMCs and supernatant fluid every from about 5 to about 
10 days and adding fresh medium with CD8+ depleted PBMCs with said fresh medium 
and isolating said virus from the supernatant fluid. 

In yet a Anther aspect of die invention there is contemplated a method for identifying 
or screening for compounds capable of reducing or otherwise interfering with HIV-1 
replication, said method comprising contacting a compound to be tested with a cell or 
cell extract containing or capable of containing a mf gene product fused to a reporter 
molecule capable of giving an identifiable signal and screening for a compound which 
inhibits said signaL 




a farther aspect of the invention there is provided a viral isolate which: 
is genetically or immunologically related to a pathogenic strain of HTV-1; 
is substantially non-pathogenic in human subjects; 
comprises a first nucleotide seq u enc e constituting its genome which is 
capable of hybridising under medium stringency conditions to SEQ ID 
NO: 1 or a c o m plem e ntary form thereof; and 

oompnses a second nucleotide sequence within said first nucleotide 
sequence and which second nucleotide sequence directs expression f a 
inRNA molecule capable of inhibiting, reducing or otherwise down- 
regulating translation of a protein or polypeptide encoded by a pathogenic 
strain of HIV-1 or inhibit, reduce or otherwise down regulate operation 
of a non-protein encoding a region of a pathogenic strain of HIV-1. 

15 Still ytt another aspect of the invention is directed to a method for determining the 
pathogenicity of an HIV- 1 strain after said HIV-1 strain infects cells of an individual 
said method comprising determining the presexicc of a deletion mutatkm in the genome 
of said HTV-1 wherein said deletion mutation results in said genome being unable to 
syntteri» a polypeptide or protein from a pathogenic strain of HTV-1 or directing the 

20 syn th esis of a truncated form of said polypeptide or protein wherein the presence fa 
such a mutation is indicative of the pres ence of a non-pathogenic strain of HTV-1. 



In still yet 

© 

5 (u0 
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A Anther a^pwet of the Invention contemplates a method for determining die 
pathogenicity of a strain of HIV-1 after said HIV-1 strain infects cells of an individual, 
25 said method comprising contacting a biological sample from said individual with a 
peptide corr e s pondin g to a deleted or truncated region of an HTV-1 -derived proton and 
screening for the absence of antibody binding to said peptide, wherein die absence of 
antibody binding is indicative of a deletion or truncation in that protein and further 
indicative of the non-pafhogenicity of said strain of HIV-1. 



30 
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Another aspect of die invention is directed to a method for determining the pathogenicity 
of a strain of HIV- 1 after said HTV-1 strain infects cells of an individual, said method 
comprising contacting a biological sample from said individual with an effective amount 
5 of a peptide having an amino add sequence comprising or within amino acids 162-177 
of wild-type HTV-l^j Nef, said contact being for a time and under conditions 
sufficient for an antibody if present in said biological sample to form a complex with 
said peptide and then detecting the presence of said complex wherein the absence of a 
complex in an Individual seropositive for HTV-1 is indicative of mat individual being 
10 infected with a non-pathogenic strain of HTV-1. 

Still another aspect of the invention provides a method for drfrrmining me pathogenicity 
of an HTV-1 atmin after said HTV-1 strain infects cells of an bxtividual. said method 
rmfnpriqng determining die presence of a mutation in the genome of said HTV-1 wherein 
IS the presence of the mutation results in a Nef protein substantially lacking amino adds 
162 to 177 of Nef of a wild-type strain of HTV-1 and wherein said mutation is indicative 
of a non-pathogenic strain of HTV-1. 

Still yet another aspect of the invention is directed to a synthetic peptide comprising a 
20 sequence of amino acids defined by SEQ ID NO:801 or a part or fragment thereof. 

V : 

In yet a further aspect of the invention there is contemplated a method for d rtrrminin g 
the risk of an individual seropositive for HTV-1 developing ayinptoms of AIDS, said 
method comprising contacting antibodies from said patient with a synthetic peptide 
25 defined by SEQ ID NO:801 ot a parte* derivative thereof and 

antibodies to said peptide wherein me substantial absence of antibodiea to said peptide 
is indicative of a low risk of the mdividual developing AIDS. 
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ERXOF DESCRIPTION OF THE FIGURES 

Fignr* 1 it • representation showing the alignment of the nucleotide sequences from 
donor D36 peripheral blood mononuclear cell (PBMC) (D36PJ and non-pathogenic HIV- 
5 1 from recipient CIS ffiV^ [CI8S], CIS [C18M] and C9S HTV [C9SH] and 

C54 PBMC [C54P] with the equivalent region of HIV- Sequences labelled PBMC 
are from patient PBMC, those labelled HIV are from virus isolated from patient PBMC 
and grown in culture. Numbering for fflV-lj^^, is as per Myer et al (1992; 1994) 
where nucleotide 1 is the first nucleotide of the complete pxoviral DNA seq u ence. 
10 D36P, OSS. C18M, C98H and CMP are numbered from the start of the region 
sequenced Identity with NL43 sequence is shown by (*). Deleted nucleotides are 
shown by (-). Spaces introduced to maximise alignment are shown by (,)• Features in 
HTV" l NL4l are marked by overlining the sequence, features in D36 and CIS are marked 
by imderlinmg the sequence. 

15 

Figure 2 shows the alignment of encoded amino add sequences of (a) tat exon 3 and 
(b) mr exon 3 from raV-l^^ D36 PBMC, CIS HTV W and C98 HIV. In-phase 
teraunation codons (♦) and NL43 encoded amino add numbers are shown. 

20 Figure 3 is a representation showing the alignment of C-terminal envelope glycoprotein 
gp41 amino add sequences encoded by D36 PMBC, C18 rOV^y CIS HTVmbc and 
C9S HTV. Numbering is mat of the amino acid sequence of the mature envelope 
glycoprotein of HIV- 1^^. Termination in shown by (#). 

23 Figure 4 is a representation showing alignment of amino acid sequences encoded by the 
ntf genes of HTV-1^, D36 PBMC, C18 fflV^y, C18 HtV^ and C9S HIV. In 
phase tmntr-^T codons are shown by (#). Identical amino adds are shown by (*). 
Residues undrrlinrd are those immediately before a deletion. 

30 FlgureS shows duplication of NFJDB and Spl sequences in D36 PBMC, CIS fUVgy, 
CIS HTVmbc and C98 HIV demonstrated by alignment of their low homology region 
scqucnoft with the NFAB-Spl region of HTV-l^j. Nudeotide numbering according 



to Figure 1. Identity with NL43 sequence shown by (*) and NFJCB sad Spl sites in 
NL43 overlined. Position f itgTLTR region sequence deletion shown by (*). 

Figure 6 is a graphical representation showing replication of CIS and C9S vixal isolates 
5 and D36 PBMCs from asymptomatic patients in PHA-stimulated PBMCs. 
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Figure 7 is a graphical repr ese nta t i on showing replication of viral isolates from 
asymptomatic patients in non-PHA stimulated PBMCs. 




228200 is an Australian isolate of HTV-1 described by Kieman, R. <# ml (1990). Its 
characteristics include being T cell trophic, with fast kinetics, high pTodncer of HTV-1 
20 and/or SI phenotype. ' 

Figure 8 is a graphical representation of cell surface receptor ex p t uii on lor syncytia- 
inducing (Siy non-svncvtia-indudng (NSryasynwtomatic patient itolatsa 



25 
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228200 Is defined in the legend to Figure 7. 243925 is a viral isolate of HIV- 1 which 
30 is monooyte/iiiacrophage trophic and exhibits NSI phenotype <Dr Karen Coats-Fryer. 
PhD thesis entitled "Viral detenninants of HTV-1 syncytium fbrauttion", me Univ e rsity 
f Melbourne, Parfcville, Victoria, Australia. 
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Figarc 9 is a representation of the nucleotide sequence fC18 HTV-ImbcCSEQIDNO: 
800). 

Figure 1 0(a) -(g) are graphical representations showing clinical immunology of cohort; 
5 (a) CD3; (bXO CD4 (U) CD4%; (cXO CD8; (ii) CD8%; (d) rynuAocyte count; (e) 
CD4/CD8 ratio; (f) p-2-rnicroglobuIin; and (g) Kaplan-Meier frtrmafrit of time to 
disease progression (Cox A Oalces, . 1989). 

Figure 11 is a sr hrm at ic icpicjcutati on of the deletion mutants of flic present invention. 

10 

Figure 12 shows reactivity of sera from LTP individuals (la); HIV-l-ve individuals 
(Ibi. Ibii); individuals with aufofmmimc disease (A/HTV-1) (lbiii); LTNP1 (lc) and 
LTNP2 (Id) with full length Nef 27 derived from HTV-1 NMJ (referred to hecen as "Nef 
27"). The term "LTNP" is an abbreviation for "Long Term Non-Processor". NTNP1 
IS and LTNP2 are defined in Example 16. 

Wells of 96-wcll polystyrene microtitre plates coated with purified Nef 27 (100 ng/wdl) 
were incubated with sera (titrated from 1:100 to 1:10.000) obtained from LTP 
individuals, HIV-l-ve individuals, individuals with -«Hr— — — dinar, LTNP1 and 
20 LTNP2. The presence of antibodies in the sera which recognise Nef 27 were detected 
using a biotin-streptavidin HRP system with o«i>henyien ediarnm e at substrate. 
Absorbance was measured using a Titettek plate reader at wavelengths of 630 and 450 

DDL 

25 Figure 13a shows reactivity of sera from LTP individuals against Nef-darived peptides. 
Synthetic peptides corresponding to amiiio acid residues 1 to 19 (Q, 20 to 36 (li), 44 to 
65 OS): 72 to 83 C«vX 89 to 97 (v9); 109 to U4 (vi), 164 to 186 (vii), 187 to 206 
(viii), 121 to 135 fix) and 162 to 177 (x) ofHTV-l^j Nef 27 were coated onto wells 
of 96-well microtitre plates at a concentration of 500 ng/welL Sere (threted from 1:300 

30 to 1;100,000) from use LTP individuals were then incubated with me irnmobilised 
peptides and the presence f antibodies in the sera which recognise use Naf-derivcd 
peptide were detected using a biotin-streptavidin HRP system with o-phcnylenodiaminc 
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as substrate. Absorbance was measured usuzg a Titertek plate reader at Wavelengths of 

630 and 450 nm. 

figure 13b(i) shows reactivity of sera from HTV-l-ve individuals against Nef-derived 
5 peptides. Synthetic peptides corresponding to amino acid residues 1 to 19(0, 20 to 36 
(it), 44 to 65 (in), 72 to 83 (xv), 89 to 97 (v);, 109 to 114 (vi) 164 to 186 (vii), 187 to 
206(viii), 121 to 135 (ix) and 162 to 177 (x) of HTV-1^, Nef were coated onto wells 
of 96- well microtitre plates at a concentration of 500 ng/welL Sera (titrated from 1:300 
to 1:100,000) from A/HTV-l-ve individuals with autoimmune disease was then incubated 
10 with the immobilised peptides and the presence of antibodies in the sera which recognise 
the Nef-derived peptides were detected using a biotin-streptawidin HRP system with o- 
phenylenediamine as substrate. Absorbance was measured using * Thertek plate reader 
at wavelengths of 630 and 450 nm. 

15 Figure 13b(ii) shows reactivity of sen from autoimmune A/WV-l-ve individuals 
against Nef-derived peptides. Synthetic peptides corresponding to amino add residues 
1 to 19 (iX 20 to 36 (SX to 65(tii).72 to 83 (lv) t 89 to 97 (vX 109 to 114 (v0, 164 
to 186 (vii), 187 to 206 (viu) t 121 to 135 0k) and 162 to 177 (x) of fflV-l^ Nef 
were coated onto wells of 96- well microtitre plates at a i ou ou tfrat io n of 500 ng/wefl. 

20 Sera (titrated from 1:300 to 1:100 9 000) from A/HIV-i-ve individuals with autoimmune 
disease was then incubated with the immobilised peptides aal the p r eatn oa of antibodies 
in the sera which recognise the Nef-derived peptides were detected using a biotin- 
streptavidin HRP system with o-phenylenediamine as substrate. Abeorbenoe was 
measured using a Titerek plate reader at wavelengths of 630 and 450 am. 

25 

Flgare 13c shows reactivity of sera from LTNP1 individuals again* Nef-derived 
peptides. Synthetic peptides com ag p ondin g to amino acid residues 1 to 19 OX 20 to 36 
00 9 44to65 0ii)»72to83(ivX89to97(v) v 109 to 114 (viX 164 to 116 (viiX 187 to 
206 (viiiX 121 to 135 (ix) and 162 to 177 (x) ofHIV-l^j Nef were ousted onto wells 
30 of 96- well microtitre plates at a concentration of 500 ng/wdL Sera (titrated from 1:300 
to 1:100,000) from the LTNP1 individuals were then incubated wife the immobilised 
peptides and the presence of antibodies in the sera which recognise the Nef-derived 
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peptides were detected using a biotin-streptavidin HRP system with o-plienyienediamine 
as substrate. Absorbance was measured using a "fitertek plate reader at wavelengths f 
630 and 450 nm. 

5 Figure 13d shows reactivity of sera from LTNP2 individuals against Nef-derived 
peptides. Synthetic peptides corresponding to amino acid residues 1 to 19 OX 20 to 36 
(ii), 44 to 65 (iii), 72 to 83 (iv), 89. to 97 (v), 109 to 1 14 (vi), 164 to 186 (viQ, 187 to 
206 (viii). 121 to 135 (uc) and 162 to 177 (x) ofHTV-1^, Nefwere ooated onto wells 
of 96-weIl microtitre plates at a concentration of 500 ng/wcIL Sera (titrated from 1J00 
10 to 1:100,000) from the LTNP2 individuals were then incubated with the immobilised 
peptides and the presence of antibodies in the sera which recognise the Nef-derived 
peptides were detected usuig abiotin-«treptavidin HRP system with o-poetffknediarninc 
as substrate. Absorbance was measured using a Thertek plate tceder at wavelengths of 
630 and 450 nm. 




LUSA.15 



- 15 - 



A summary of the SEQ ID Nos. used in the subject specification is shown below: 





5 


SEQ ID NO: 


DESCKJr I1UN 






1 


Nucleotide sequence of HIV-l^^ genome 






2-613 


Decanudeotides of nef gene from HTV-1 




10 


614 


Partial nucleotide sequence of D36 HTV-1 isolate 






615 


Partial nucleotide sequence of CIS HIV-1^^ isolate 






616-625 


PGR primers shown in Table 1 






626-633 


Sequence primers shown in Table 2 






634 


Amino acid residues 15-27 of HIV-l^^ Me/protein 




IS 


635 


HIV- 1^3 tat exons (Figure 2) 






636 


HTV-1 D36 tat exons (Figure 2) 






637 


HIV-1 CIS tat exons (Figure 2) 






638 


OTMnlo 6X008 (Fig*" 2) 






639 


HIV-1 D36 rev exons (Figure 2) 




20 


640 


HIV-1 C18 rrv exons (Figure 2) 






641 


HIV-lj^u C-tenninal of gp41 (Figure 3) 


y 




642 


HIV-1 D36 C-tenninal of gp41 (Figure 3) 


3 

n 




643 


HIV-l CIS C-tenninal of gp41 (Figure 3) 


. f% 




644 


HIV-l,^^ ne/gene (Figure 4) 


u- 


25 


645 


HTV-1 D36 nefvioo (Figure 4) 


i:i 
•AS 




646 


HTV-1 C18 ne/gene (Figure 4) 






647 


HTV^NUS NFKB/SP1 sequence (Figure S) 


ry 




648 


HTV-1 D36 NFKB/SP1 Kqoenoe (Figure 5) 






649 


HTV-1 C18 NFKB/SPl sequence (Figure S) 




30 


650 


Nucleotide sequence of nef gene from HTV-lj^^j 






651 


Nucleotide sequence of env and nef regioas of HlV-lm^ 






652-799 


Dccanucleotides of LTR region from HTV-lyn^ 






800 


Nucleotide sequence of CIS HIV-Imbc 






801 


Amino adds 162 to 177 of wild-type HTV-l,^ Nef 




35 


802 


Nucleotide sequence encoding amino acids 162 to 177 of wild- 








type HTV-lnn, Nef 






803-841 


Decanucleotide deletion of Nef gene covering amino adds 162 to 



177 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One aspect of the present invention contemplates a non-pathogenic isolate of HIV- 1 or 

a component, part, fragment or derivative thereof 

5 

In a related embodiment, there is provided a novel isolate of HTV-1 or a component, 
part, fragment or derivative thereof wherein said HIV-1 isolate is capable of stimulating 
in a human or primate subject an immune rr tpp mr such as a humoral fam i im * ^s p^ n tr 
to at least one KV-1 glycoprotein such as b* not limited to gp41-4S, gp!20 end/or 
10 gpl60 while not substantially reducing in said human or primate ariyact proliferative 
responses and cytokine production to a mit^g^n, alloautjgen and/or recall «ri g c« 
compared to a healthy, non-infected human or primate subject Ptefcnbty, die cytokine 
isIL-2. Preferably, the mitogen is ConA or PHA and the recall antigen is influenza or 
tetanus toxoid. Preferably, the HIV-1 isolate is non-pathogeak. 

More particularly, the present invention relates to an isolated HIV-1 strain which: 
(0 is substantially non-pathogenic in human subjects; and 
00 c*nies one or more mutations in its genome resulting to tie inability to direct 
•ynthesis of at least one pathogenic HIV-l-derived polypeptide or protein. 

Even more particularly, the present invention provides an isolated HIV-1 strain whkh: 
(I) k substantially non-pathogenic in human subjects; and 
(ii) carries a mutation in the nef gene and/or a long terminal repeat (LTR) region or 
in a functionally equivalent location in the HIV-1 groome. 

Still even more particularly, the present invention is directed to an isolated vims which: 

(i) has a genome which is capable of hybridising under medium stringency 
conditions to complementary nucleic add from a pathogenic strain of HIV-1; 

(ii) is substantially non-pathogenic in human subjects; 

(iii) carries one or more deletion mutations in a region of its genome c or respondi n g 
to a n«/gene in said pathogenic strain of HIV-1; and 

(iv) optionally carries a mutation in ne or both LTR regions. 
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I„. related embodirr^tnere is ^ 

— « ■ * A* * . I ^ tWI 



CO 

(ii) 

(iii) 

(iv) 



uffEN ezniTuauuuH — i 

b« . genome which is enable of hybridising under medium «rmgency 
conditions to complement^ nucleic add from a p*tboge«ic Mm of HTV-I; 
is substantially non-pathogenic in human subjects; 

carries one or more deletion mutations in an LTR region of it. genome; and 
optionally carries a mutation in a region corresponding to a gene m «d 

pathogenic strain of HIV-1. , 

In a further related embodiment, there is provided an isolated virua which: 
10 (i) has • genome which is capable of hybridising under medium stringency 
conditions to complementary nucleic acid from a pathogenic strain of HTV-l; 

(ii) is fubstantiaUy non-pathogenic in human subjects; and 

(iii) carries one or more deletion mutations in • region of its genome eofTC * p0 ^ m * 
to a region which contains ^coding sentences and LTR niicleotide r ~ 



Another aspect of the present invention is dliecled to « 
biological source thereof, wherein said HTV-l has the following characteristics: 
(0 is substantially non-pathogenic in human subjects; and 
Cu) carries, modified ne/gena which «^ 9" ******** 
20 immunologically non-interactive with antibodies to srnrno add. 162 to 177 f 

Nef in wUd-type HTV-l. 

Amino acids of 162-1770^0^^-1^ item (Myers ct al, 1994) [hereinafter 
referred to as "HTV-l^jl are as follows: 



Thr Ser Leu Leu His Pro Val Ser Leu His Gly Met Asp Asp PtoGlutS8QIDNO:$01]. 



This aspect of the present invention relates in part to amino acid satpienoe SEQ ID 
NO:801 from HTV-l,^ or from me 1 " " 

30 strains of HTV-l. 




01 
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A further aspect of the present invention contemplates an isolated strain of HTV-I or a 
biological source thereof, wherein said HIV-1 has the following characteristics: 
(i) is substantially non-pathogenic In human subjects; and 
5 (ii) encodes an Nef protein or portion thereof which is interactive with wild-type 
HTV-1 Nef antibodies but which is substantially non-uiteractrve with antibodies 
to amino acids 162 to 177 of wild-type HTV-1 Nef protein. 

Still another aspect of the present invention relates to an isolated strain of HTV-1 or a 
10 biological source thereof which is substantially am-pathogenie in human subjects and 
which is substantially incapable of (iirecting synthesis of a Nef protein or portion thereof 
comprising amino acids 162 to 177 of vWld-type HIV-l Nef prcCem. 
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In soil yet another aspect of the present invention, there is provided an isolated strain 
of HTV-1 or a biological source thereof, said HTV-1 being substantially nonpathogenic 
in humans and comprising a mutation in its genome canespondmg to amino adds 162 
to 177 of wild-type HTV-1 Nef such that these amino acids are substantially not 
represented ma Nef protem or de^ g,Mm ' 
5 ot insufficient of the amino ackl 

20 to mat region of Nef. 



In a related embodiment, the genomic mutation in the non-pathogenic strain of HTV-1 
is a mutation In one or more of nucleotides 9271 to 9317 relative to HTV-l,^ or in 
a functionally equivalent region m another pathogenic strain of HTV-1. 
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In a related mbodiment, mere is provided a non-pathogenic strain of HTV-1 comp ri si ng 
a genome which is substantially incapable of hybridising under medium stringent 
conditions a nucleic add molecule comprislag (hat sequence of nuclrotidrs which 
encodes all or part of amino adds 162 to 177 of wild-type HTV-1. Preferably, the 

30 nucleic acid molecule is a synthetic oligonucleotide. 



10 
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In a particularly pretend embodiment, the present invention provides ooorfrntbogaac 
HTV-1 isolate C18 deposited at the ECACC on 17 October, 1994 under Provisional 
Accession Number V94101706. 

In a related embodiment, the present invention provides noo-pethogenic HTV-1 isolate 
C98 deposited at the ECACC on 3 1 October, 1 994 under Provisional Accession Number 
V941031169. 

In another embodiment, the present invention provides non-prthogenic HTV-1 isolate 
C54 deposited at ECACC on 10 March, 1995 under Provisional Accession N . 
V95031022. 



Although pathogenicity is a relative term, it is used herein in relation to the capacity f 
15 a strain of HTV-1 to induce AIDS or ATDS-reUtted disorders in an individual over time. 
Accordingly, a "non-pathogenic" strain of HTV-1 is • strain which, at me clinical level, 
does not lead to the development of AIDS, at least within the median time of 6-10 yeara 
following infection with HTV-1. At me laboratory levd. a non-fitfhas^nic attain of 
HIV-1 is conrideitxi not to alterO^ 
20 In addition, a non-pathogenic strain of HTV-1 may not alter CDt+ and CD3+ cell counts 
and would not alter lymphocyte counts. CD4*CD8+ ratios also remain « — h a n ged 
relative to normal non-infected individuals. T^nthermore, generally, a ncf^aAc^enic 
strain of HTV-1 does not induce p24 antigenaemia. A non-pamogenfc HTV-1 of the 
present invention is generally still infectious but individuals bifected with me vires 
25 remain free of symptoms for at least 6-10 years after infection. 

a 

A laboratory classified non-pathogenic strain of HTV-1 may be determined at any time 
after infection. The term ^rh^athogenic" is not to be considered as a strain that is 
never pathogenic under any co^<MM*^vW&P^*te}ii*biAvUaA.*» 
30 level of immune responsiveness in that individual and the extent or omerwise of other, 
for example, immune c<>mprising disorders. Accordingly, * N»oti-pemogenic" HTV-1 
isolate of the present invent! n may also be considered a Tow virulent" strain of me 
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virus. A non-pathogenic strain of HTV-1 as contemplated herein may be i s ol ate d from 
an asymptomatic individual or may be derived from a p at hoge ni c strain by mutation. 
Although the present invention is not to be limited to any particular pathogenic strain 
of HTV-1, for reference purposes, an example of a pathogenic strain is HTV-l^^j strain 
5 as described by Myers *t al (1992; 1994). 

The non-pathogenic nature of die HTV-1 of the present invention is conveniently 
evidenced by the cohort of seven individuals comprising one donor and six recipients 
which have remained free of symptoms or signs of HTV-1 mftrtion for greater than the 
10 median time of 6-10 years. However, the individuals of the oohost are seropositive for 
HTV-1 following infection with the virus as drtrrminrd by Western blot analysis and 
genetic analysis (eg. using PGR techniques). A s eropo si t iv e individual is one showing 
reactivity to at least one HIV- 1 glycoprotein (such as but not limited to gp 4 1 -45, gpl20, 
gpl60) and at least three other virus-specific bands. 

IS 

In accordance with the present invention, a non-pathogenic HIV-1 isolate is also a strain 
ofHIV-1 which: 

(i) induces an immune response in a human or primate subject; aed 

(ii) does not substantially reduce proliferative responses or eytotena pro du c tio n to a 
20 mitogen, alloantigen and/or recall antigen relative to a healthy, non-infected 

subject 

Preferably, the immune response such as to a glycoprotein, for example gp41-45, gpl20 
and/or gpl60. Preferably, the cytokine monitored is an intarieukin, such as IL-2. 
25 Preferably, the recall antigen is influenza or tetanus toxoid. A noshpathogemc MV-1 
isolate is also one which: 

(iii) does not substantially alter proliferative resp onses or cytokine production to 
allorgeneic mononuclear cells. 

30 Furthermore, a nonpathogenic strain of HI\M carries a deletion in an HIV-1 -derived 
protein which results in an altered immunological profile. In a particularly preferred 
embodiment, the non-pathogenic strain f MV-1 is substantially incapable of inducing 
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an antibody response to amino adds 162 to 177 to wild-type HTV-1 Nef protein. 
According to this preferred aspect of the present invention, there is provided a non- 
pathogenic HTV-1 isolate which: 

(i) induces an immune response in a human or primate subject; 
5 (ii) does not substantially reduce proliferaiive responses or cytokine production to a 
mitogen, alloantigen and/or recall antigen relative to a healthy, non-infected 
subject; and 

(in) is substantially incapable of inducing an antibody respons e to amino acids 162 

to 177 of wild-type HTV-1 Nef protein. 

The genomes or complementary DNA therefrom of the non-pamogemc HTV-1 isolates 
of the present indention are capable of hybridising under medium stringency conditions 
to the corresponding genome or complementary DNA of a pemogenio strain of HTV-1 
(e* HTV-I strain HTV-l^j). The ability to hybridize to apauogene strain of HTV-1 
only applies to a comparison of the entire gcnotrWco mp Unw t t ary DNA of a non- 
pathogenic strain or a fragment which includes genetic material corresponding to a 
region in the genome 3' of the nr/ gene in a pathogenic strain of HTV- 1 . 

Reference herein to "wild-type HTV-1" is meant to include reference to architypal 
pathogenic strain HTV-l^j (Myers tt al. 1992; 1994). For tha purposes of reference 
only, a suitable genomic nucleotide sequence from HTV-1,^ is set forth in SEQ ID 
NO: 1 (Myers etal, 1992; 1994): 

1 TGCtfU^GGGCTJUlTTTCXtTCCCftAAAAAGAC^ 
SI ATCTAC^CACACAACXJCTACTTC^^ 
101 0CCA0<X3ATeAaATATCCACTgACCTTT< ^ 
1S1 CACnCTGAAOCAflAGCAAOTAOAAQAOOCCAAA T^ 
201 TTOXTACaCCCTATOACrceA/JCATO^^ 
251 ATTAQTXnQ(3AACTTTQU\CAaCCTOCT&GCA^ 
301 AOCTGCATCOOaJuCTACTAGAAJu^^ 
351 QgACTl*lXXXKTl\ j< jGGACTTTOCA<X10Uu3 G TOTOCO^ 
401 OGAQTGQOa»jGCCCTCAQATOCTACATATAR^ 
451 ACTQQGTCTCICTGGlTAgACCAGATCTOAQCCTOOQAOCT C T^ 
501 ACTAGQQAACCCACTgCTrAAQCCrCAATAAAQ C ' riUCC ITU AOTQCTCA 
551 AAGTAQTGrpgrGCCCQTCTaTi m XiriCUlC^^ 
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601 JUjACCCTTTTACTCAGTOTGGAAA^ 

(SI GACTTGAAAGCOAAAGTAAAQCCAGAG^^ 

701 GCTrGCTGMQCQOGCkCGGCMlGfiGGCGkB^^ 

751 COaaiWiATrTT&CrkCXXXUlQGtt 

001 AOOTOOTATTWlSaSa^ 

8S1 TAAGGCCAGGCXWaUVAOAAACAATATAAACTAAAACA^ 

901 AGCAGGOAOCTAOAACGATTCXK^OTTAATCCTOGOCITTTAGAGACATC 

951 A0AAGOCTOTAOACAAATACTGGGACA0CTACAACCATC0CTTCJU1ACAC 

1001 GATCAOAAGAACITAOATCATTATATAATACAATAOCAOTCXS^TATTOT 

1051 GTOCATCAAACGATAOATOTAAAAGACACCAAOaAAOCCTraa^ 

1101 AOAOOAAGAGCAAAACAAAAOTAAGAAAAAOGCACMCAAOC^ 

1151 ACACAGQPJiACl*CliGCCAGGTC^ 

1201 CTCCAGKSGaCAAATGCTAGATCAGXJGCATATCACCT 

1251 ATCX^AAAAGTAfiTllGAACJUSAAOOCTTT^^ 

1301 TOTTTTCACKATTATOUlAAaaAae^^ 

1351 CTAAACACAOTCKSGGGGACATCAAOCAQCCATOCAAATOTT^ A AAG A ^ 

1401 CATCAATOAaSAAGCTGCAC^TCXJOATA^ 

1451 GGCCTATTOCACCAGGCCIIGATGUUUUJAA 

1501 GXSAACTACTAGTACCCTTCAGXIAAC^ 

1S51 ACCTATCCCAOTAGOAOAAA^ 

1601 ATAJUUTCAQrAAGAAOTXTAGCCCn^ 

1651 (MACCMUKXaUlCCCTTTAaAGA^ 

1701 AAGAGCCGUUICAAGCTK»CAAaAQOTAA 

17S1 TCTTWTIXX3UaUlTGCGAACCCAaATTCmU^ 

1801 CKSAGCAQQAQCQACACTAGAAGAAATOAT 

1851 OGOACXXXaXXATAAAQCAAGftGTTT^^ 

1901 cauuiToatfiCTAcafflautt^^ 

1951 AAaACTGTTAAOTQTTTCAATTQTOCCa^AA O AAqO^ 
2001 TT<X3UXXI0CCCTAGGAAAAA0<WCT^^ 

2051 ACCAAATGAAAOATTO^ACTGAGAOACAOOCTAA'ri 111 1AOOOXXGATC 
2101 T<XSCerTCCCkCMd3QQM<0^^ 

2151 <xxIlACAOOCCCAcaigMtfl^OJ^ 

2201 CTCC?CTCTCA0AAQCA0GA6C0GATA0IICAAQGAKCW 

2251 T«X?K3^TCACTCTTTO0CACO0ACCOCTOC^ 

2301 GOO<^TTAAAGGAAOCTCTATTAaATACAOOA(XaOATaATACAOT 

2351 AGAAaAAATOAATTTOCCAOQAAOATOOAAACCAAAAAT03ATAO0XXXaAA 

2401 TTGGAGGTT1TATCAAAGTJUXUICA<1TA^ 

2451 TGCCXSACATAAAGCI^TAGGTACACTATTAQTAOG^ 
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2501 CATAATTGGAAGAAATCTX7ITO 1C 
2551 CCATTAGTCCTATTMOACHJIACC^^ 
2601 QGCXX3UttAGTIAAA(^TO«X^^ 

2651 AOVAOMATTT(3TXCtdSMATOQMAA/X3MO(^M^TtTC^AMATrO 
2701 OCreCTGWUUVTOCATACAATACTCCACflA^^^ 

2751 AOTACTAAATGGAGAAAATTAOTAGATTTCAGAGAACTTAATAAW 

2801 TCAAGATTTCTCJGGAAGTTCAATTA^ 

2851 AACAGAAAAAATCAOTAACAGTJICTGK3ATGTGCKJCQA 

2901 GTTCCCTTACWTAAAOACTTCAOGAAOTATACTtXiATTTACX^TACCTAG 

2951 TATAAAC^TGAGACACCAOOGATTAQATATCAOIACAAIOIOCTTCCAC 

3001 AGGGATOGAAAOGATCACCJAGCAATATTCCAOTOTM^ 

3051 TTAGUkGCCTTTTAGAAAACAAAATCCAfiACATAlW 

3101 GGATOATTTOTATGTAGGATCTaACTT^^ 

3151 AAATAOAOaAACTOAGACAACATCTOTTGAO^ 

3201 aACAAAAAACATCAOAAAOAACCTCeATTOT 

3251 CCATCCTNSATAAATQOACAOTACAO^CTAT^ 

3301 GCTGOACTOTCAATGACAIACAaAAATTAaroQaft^ 

3351 ACTOU»TTTATW3lCXJaATTAAA^ 

3401 OOQAACCAAMgAITrA AnWftA ffT^^ »r»*fl>ftflaA OC A O A fl € 

3451 13tflAACTOqCAGAAAACAQQ0 A »TTCl AA A A aA 

3501 TATTATOACOCZATaUUUlG^ C TTAATAgC^ ^ 

3551 MOCCAATGGfcqiTATCAAATTTATCAA^ 

3601 eAOaAAAATATGKJUUSAATGAAaqcro 

3651 TTAACAOA«X3OTACAAAAAATAGCCACAaAA 

3701 AAAOACTCCTAAATTTAAATTACCCATACAAAAtJOAAAOSOGPQ^ 

3751 OCnWSACAfiACTATTGWCAAOCCAOCTOGATTOC^^ 

3801 AATACCCCTCCCTTAGTQAAiOTATOOTACCAgr T A ^ 

3851 AATAGGAOCgkQAAACTTTCTATOTAflATOOOX3CA<ICCA^ 

3901 AATTAOOAAAAGOIMATATO^^ 

3951 CCCCTAAOOqACAaU^CAAATCAQAAaACTaAOTTACAAOCA^ 

4001 A<XrrTTCK3Wa<lATTO0)OGAlTAaAAaTAAA 

4051 ATQCATTGGGAATCATTCAAGCACAACCA^ 

4101 OTCACTCAAATAATAGAOCAQTTAATAAAAA^ 

4151 ATKXOTACCAGCACACAAAGGAATTOO^^ 

4201 TOGTCAOTQCTGG^TCAOaAAAO?rACTATTTTTA0ATQOAA 

4251 aXCAAOAAGAACATGAOAAATATCaCACTA^ 

4301 TOATTTTAAOCrACCACCTGTAOTAOCAAAAGA^ 

4351 ATAAATqTCAGCTAAAAqOXX^UVGOCATQCATQO^CAAOTAOACTOTAOC 
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4401 CCAGQAATATGGCAGCTAGATTGTACACATITAGAAOGAAAAOTTATCTT 

4451 GGTAGCAGTTCATGTAGCCAGTGGATATATAGAAGCAGAA 

4501 CACAGACAOOGCAAGAAACAGCATACTTCCTCTTAAAATTAOCAflQAAGA 

45S1 TGGCCAOTAAAAACAGTACATACAGACAATGGCAGCAATTTCACCAGTAC 

4601 TACAGTTAAGGCOGCCTGTTGGTGGGOGGGGATCAAGCAGGAAT^ 

4651 TTCCCTACAATCCCCAAAGrdUOOAGTAATAOJUTCTA 

4701 TTAAAGAAAATTATAGGACAGGTAAGAGA7XAOOCTOAACATCTTAAGAC 

4751 AGCAGTACAAATGGCAGTATTCATCCACAATTITAAAAOAAAAGGOGGGA 

4801 TTGOGGa^ACAGTOCAGGG<3AAAGAATAGTAG^ 

4851 ATACAAACTAAAOAATTACAAAAACAAATTACAAAAATTCAAAATTTT^ 

4901 GGTTTATTACAgGGACAOCAGAQATCCAGrriTgOAAAOQACGAGCAAACC 

4951 TCCIXrTGOAAAGOTGAAG«>XAOTAGTAATA^ 

5001 AAAGTAGIXSCCAAGAAOAAAAGCAAAGATCATCACXJGATIATGUA^ 

5051 GATGGCAGOTaATaATTOTGTGGaVAOTAGACA^ 

5101 TGGAAAAGATTACTAAAACACCATATCTATATTrCAAG^ 

5151 CTt^l'l'lTATAGACATCACrATQAAACTACTAATCCAA 

5201 AAGTACACATCCXZACTAQGGGATXj^TAAATTAOTAATAACAACATATTqG 

5251 GgrCTqCAlACAGk3AQAAAQAGACTGGCATTT00OT 

5301 AGAATGGAGCAAAAAGAGATATAGCACACAAOTIVaACCCTO^ . 

5351 ACCAACTAATTCATCTOCACTATTTTX^riVi'lTl' ltJAaAATCTaCTATA 

5401 AfiAAATACCATATTAOCUiCOIATAflTTACTCCTSU^ 

5451 AGGACATAACAAGGTAOGATCTCTACAGTACTTXJ^^ 

5501 TAAAACCAAAACAGATAAAGCCACCTTTGCCTAGTOTT1lGX3AAA^ 

5551 GA<X3A€A6ATGOAACAAGOCCCAGAAGACCAA<X10TCC^ 

5601 TACAATGAATGGACACTAOAGCTTTTAGAG^AACTIA^ 

S651 TAGAC A rm' C Vr A QQATATGGCTCCATAACrnUWA^ 

5701 AAACTTACGGGGATACTTGOGCAOGAGTGOAAGCCATAATAAGAATr^ 

5751 CAACAAC U X K Ttf l TrATCCATTTCAflA A TTOOqTO 

5801 AGGCOTTACTCGAC»GAOaAGAOCAAOAAATOOAGCaUCT 

5851 CTAGAGCCCTQGAAGCATCCAQQAAGTCAGC^T3UUUU.'1UC I'l V1ACCAA 

5901 TTOCTATTOTAAAAA i/IU T lUCTlT CATltlCCAA Ul A 1U1 1 1CA TOACAA 

5951 AAQCCTTAOQCATCTXXT A TGQCAGQAAGAAQOGQAflM^ClyJO G 

6001 GCTCATCAGAACAGTCAOACTCATCAAOCrTCrCT A TCAAAOCAGTAAOT 

6051 AGTACATGTAATGCAACCTATAATAOTAGCAATAOT 

6101 CAATAATAATAGCAATAGTTGTGTOGTCCATAOTAATCATAOAATATAGG 

61S1 AAAATATTAAQACAAAOAAAAATAOACAGOTTAATraATAGACTAATAGA 

6201 AAGAGCAOAAGACAGTGGCAATGAGAGTGAAOGAGAAGIATCAGCAC^ 

6251 TOOAGATGGOGGTOGAAATGGGGCACCATGCTCCTTCOOATATTGATGAT 



u&us 
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6301 CTCTAQTCCTACAQAAAAATTg ^ 
6351 TOTOGAAOGJUtOCaACCAC^ 

6401 TATQATACAqAGOTACATAATGTTTG^CCACACATGCu A\> i v» 1 ACCCAC 
6451 AGACCCCAACCCACAAGAAOTACTATTOGTAAATgTGACAOAA A ATTTTA 
6501 ACATGTGGAAAAATX^CXTGOTAGAACAGATGCATQA^ 
6551 TTATO«»TCAAAG<XTAAA<X:^^ 
6601 TAGTTTAAAGTGCACTGATTTGAACykATC 

6651 GCGGGAGAATOATAATGGAGAAAGGAGAQATAAAAAACiWL'l'C l'l'l'CAAT 

6701 ATCAQCACAAGCATAAGAGATAAGGffCCA G AAAGAATATO iA 

6751 TAAACTTaATATAGTACCAATAOATAATACCAa^^ 

6801 OTAACACCTCAOTCATTACACAGOCCTGTCCAAAO 

6851 ATTCCCATACATTATTSTGCCCGGOCTOOTTTTt^ 

6901 TAATAAGAOCTTCAATOQAACAGGACCATGTAC^ 

6951 AATOTACAGATGGAATCAG<X!CAOTAGTA 

7001 GGCAGTCT»«3U3UlGaUlCATQ^^ 

7051 CAATOCSAAAACCATAATAOTACACttlCAAC^ 

7101 CTACAAOACCCAACAACAATACAACIAAAAAtrtAT^ 

7151 OSKlGGAGAQCATTTGTTACAATAaa^ 

7201 ACAroTAACATTAQTAGftOOUU^ 

7251 CTAOCAAATTAAflUU>AACAAOTTO0|AAATAATOA 

7301 CAATCCTCAO0AG<3X^CeeAqAAAT^ 

7351 AO<?CW ^lTnTC T A CTgTAAl^ lA AimflTAi* *w3T 

7401 TTAATAOTACTT(MAOTACTGAA<J(3STCAAAT^ 

7451 ACAATCACXCTCCCXTXJCAG&ATAAAACAATCTATAAACA^ 

7501 AOTAGGAAAAflCAATOTATGCCCCTCCCATC 

7551 CATCAAATATTACTGOGCTOCTATTAACAAGAQA^^ 

7601 AATW3<nmiAaATCTTCAOACCIGCakOGAO 

7651 GAC^OTGAATTATATAAATATAAAOTAOTAAAAA^ 

7701 TAGCACCCACCAACWCAAAGAGAAaACrroGTGCAa ^ 

7751 OTCCCAATACKIAC lTlUWUlXr TC W 

7801 TATOXIQCTOCACQTCAATGAXXXJTGACGOTAGAiW 

7851 CTOATATAOTCK3K«AOCAGAAC^ 

7901 C»«ATCTGTT<3CAACTCACAOTCTG^^ 

7951 AATCCTOaCTCTOaAAAGATACCTAAAGGATCAACAOCTCm 

8001 Q0O3TIGCrCSQGhMACtCXTnaCACC^ 

8051 AGTTOOAXITAATAAATCTCTOQAAavaATTTaG^ 

8101 GQAOTCK^CAGAGAAATTAACAATTA 

8151 TTGAAaAATOGCAAAACCAOGAAQAAAAOAATOAACAAQAATTATroaAA 
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8201 TTAGATAAATGGGCAACTTTGTGGAATTGGTPr^^ 
8251 GTGOTATATAAAATTATTCATAATaAT^ 
8301 GAATAOTTTTltXrKrrACTTTCT^^ 
8351 TCACCATTATCGTTTOIGA^ 
5 8401 GCCCGAAOGAATAGAAGJUUSAJMK^ 

8451 TTCOATTA<7K^CQC»TCeTTAGC^ 

8501 CTCTOCCTCCTCAOCTACCACOOCnnGAQAaACTTACTCTTt^TTOTAAC 
8551 GA«»TIOTX3GAACTKrr<X^^ 
8601 OOTXX»ATC«XnAC3Un , ATT«^^ 
10 8651 AACTTGCTCAATGKX»CA<XX»TAaCAOT 

8701 TATA(HUUnATTACAA<X3KXrrTA^ 

8751 CWUITAAGACAOOOCTTOGAAACK»TTTTSC1^ 

8801 GTCAAAAAGTA<nOTGATT«3A^ 

8851 OAQCTOAQCCAGCAGCAGATG^^ 
15 8901 AAACATOOAOCAATCACaUlCrrAGCAATACAOCA^^ 

8951 T(XXrrGOCTAGAACCAC!AAGAOQAqaAAQ^ ^ 

9001 CICAGOTACCTTTAAOAOCAATOACTTACAACOC^OCT^ 

9051 CACTTTTTAAAACaAAAOOOaogACiqQAAOQOCE^ 

9101 JUM^qVAflftTOTfrTT^^ 1 ^^ 
20 9151 CTC^TTCGCAOAACrACACACCAOOOCCA^^ 

9201 TTTOGATOOIOCTACIUOCTIVflraiOayeTO 

9251 OreCAATAAAOGAGAaA A CACCAQCTTOTTACAOCCW 

9301 GAATGK^TGACCCTGAGAGAGAAOTGTT^ 

9351 CTAOCATTTCATa»£XJXCXKXXXIAGAGCTWATCO^ 
25 9401 CTGCTGACATCXJAGCTTGCXaWaVAaaaACT^^ 

9451 OQAOQCXnGGCCTQQOX30QaACTGG<X5AQTOQCa A <X^C^^ 

9501 ATATAAGCAGCTGCrTTTTQCC^ 

9551 TCTQAQCCT<KXUtGCTCTCT Q qCTAAC^^ 

9601 eAATAAACKHTOCCTTOAOTCCriC^ 
30 9651 TGACTCTOCnrAACTAaAOATCCCTOMSACCCT^^ 

9701 TCTCTAGCA 

However, for the purposes of comparing die nmckoti<te s e qu en ces of no&iMthogenic 
HIY-l strains including the ability to hybridize to a leference strain, As present 
35 invention extends to a genomic nucleotide ok? moot from any pathogenic strain of HIV- 
1. 



-27- 

Rcfierence to a biological source includes blood or blood-related products or components 
such as lymphocytes, plasma, tissue fluid and tissue extracts. 

Accordingly, in a particularly pr eferred embodiment, there is provided a viral isolate 

5 which: 

(i) carries a genome which is capable of hybridising under m e diu m stringency 
conditions to SEQ ID NO: 1 or a complementary form thereof or an analogous 
sequence from another pathogenic strain of HIV-1; and 

(ii) carries a deletion mutation in a region corresponding to the mf gene and/or in 
10 an LTR region. Generally, such an HIV-1 isolate la non-pathogenic as 

hereinbefore defined. 

In a related embodiment, there is provided an isolated virus which: 
(0 has a genome which is capable of hybridising under medhan stringency 
15 conditions to complementary nucleic acid from a pathofrate strain of HIV- 1; 

and 

(ii) carries one or more deletion mutations in a region of its genome corresponding 
to a region which contains flooding sequences and LTR ntriaotidr aequencea. 

20 For the purposes of defining the level of stringency, referenoe can conveniently be made 
to Maniatis ei al (1992) at pages 387-389 which is herein in corpor ate d by reference 
where the washing steps disclosed are considered high stringency. A low stringency is 
defined herein as being in 1-3X SSC/0. 1-0.5* wAr SDS at 37-50*0 for 2-3 hours. 
Depending on the source and concentred 

25 alternative conditions of stringency may be employed snch as m e dium stringent 
conditions which are considered herein to be O.MXSSCA)J5-OJ% w/v SDS ati 45*C 
for 2-3 hours or high stringent conditions considered hcrela to be 0.1 -IX SSOT).l%wyV 
SDS at 60°C for 1-3 hours. 

30 In a particularly preferred embodiment of the present invention, the noo-padbogenk 
strain of HTV-1 carries a mutati n in the ntf gene and/or LTR region of the genome. 
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In an even more preferred embodiment, the non-pathogenic Oram f HTV-1 carries a 
mutation in the ju/gene such that a Nef protein is not pcodueed or a modified Nef 
protein is produced substantially not carrying amino acids 162 to 177 or a portion 
thereof from wild-type Nef. 

5 

A "mutation" is considered herein to include a single or multiple nucleotide substitution, 
deletion and/or addition. Most preferred mutations are single or multiple deletions f 
at least one, most preferably at least ten and even more preferably at least twenty 
contiguous nucleotides from a region corresponding to the mrf gene and/or the LTR 
10 region. When the non-psthogenic virus carries a mutation in the LTR region, this 
generally occurs 5' of the Spl sites. A particularly preferred deletion is from a region 
within the it/gene corresponding to amino acids 162 to 177 of the Nef protein. 

According to a preferred aspect of the present Invention, there is provided a viral isolate 

IS which: 

(i) is reactive to antibodies to a glycoprotein from HTVM each as at least one of 

gp41-4S, gpl20 and/or gpl60; 
(U) is substantially non-pathogenic in human subjects; and 
(in) carries a deletion mutation of at least tea nucleotides in a region com yowling 
20 to the n^/gene and/or LTR region of a pathogenic strain of HTV*i. 

In another embodiment, there is provided a viral isolate which: 

(i) is capable of inducing an immune response to at least one of gag, pot and/or cmr; 

(ii) is substantially non-pathogenic in human subjects; and 

25 (iii) carries a deletion mutation of at least tea nucleotides m a region corresponding 
to the *cf gene and/or LTR region of a pathogenic strain of MV-1. 

Preferably, In respect of die latter rmbodimmt, the immune response is an antibody or 
a cell mediated response. In a most p re fer red embodiment, the immune response fa a 
30 humoral immune response. 
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In another aspect of the present invention, there is provided a viral isolate which: 
(i) is interactive to antibodies to a glycoprotein from HTV-1 such as at least one f 
gp41-45, gpl20 and/or gpl60; 
5 (ii) is substantially non-pathogenic in human subjects; and 

(iii) carries a deletion mutation of at least ten nucleotides m a region co rrespo nding 
to all or part of amino adds.162 to 177 encoded by the **fga» of a pathogenic 
strain of HTV-l. 

> The nucleotide sequence of the «/gcne in HTV-l^ is defined in SEQ ID NO: 650: 
ATGKSGTCXJCAAGTOOTCAAAAACTAOTGTGATItl^ 
GAGACGAGCiraUgCCAOCAOCAGATGGqcra 
ATGOAOCUUlTCACAAOTAGWAATACACCASCnUlCAATGC^ 
QCACAAOACXJAGGAAaAQGTGGCrrTTTCCACT 
OACTTACAACXreAGCTOTAQATCTTAQCCACTTTTT AA^ 
GGCTAATTCACTCCCAAAaAAOACAAGATATCCTTGATC^^ 
(XraACnHXCTQATTOGCAOAACT*^^ 
CTTTq6*T0qTQCTAGAAOCrA^ 
AAGOMlMJUkCACCAGCrOT^ 

6CT0CATC0G0AOTACTTCAAGAACT0CTGA 

The nucleotide sequence encoding amino acids 162-177 of wild-type Nef is 

as follows: 

ACCAGCTTOTTACACCCTGTaAOCCTOCATOOAATOaATOAOCCraAO tSEQ ID 
110:802] . 

The present invention extends to any or all single or multiple mrfr i ohVir deletions to a 
contiguous series of at least ten nucleotides from the ne/gene which render the strain 
avinuent The deletion* may encompass toe entire gene or parts thereof and nay 
r ep r es en t a single deletion or two or more d e le t ions. Put in alternative terms, toe non- 
pathogenic HIV-1 isolates of the present inventiottcomprw 

corresponding ntf gene region non-Identifiable to SEQ ID NO: 650, said necridcatity 
comprising at least 5%, more preferably at least 10% and even more preferably at least 
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20% variation thereon. The present invention particularly extends to any or all single 
or multiple nucleotide deletions to a contiguous series of st least ten nucleotides from 
the region of the n*/ gene corresponding to all or part of amino acids 162 to 177 and 
which render the strain avirulent Although mis aspect of the present invention is 
5 exemplified by specific reference to amino acids 162 to 177, the present invention also 
extends to a functionally analogous sequence where, for example, amino acids are 
substitu ted by structurally or functionally similar amino acids. In addition, the present 
invention extends to any deletion or other mutation in an HTV-1 derived protein which 
renders that strain nonpathogenic. 

10 

In a preferred embodiment, therefore, the present invention contemplates a 
viral isolate which: 

(i) is reactive to antibodies to a glycoprotein from HTV-1 such as at least one of 

gp4I-4S, gpl20 and/or gpl60; 
IS (ii) carries a genome or a part or fragment thereof capable of hybridising under 

medium stringency conditions to a nucleotide sequence as act forth in SEQ ID 

NO: 1 or a complementary form thereof or an analogous sequence from mother 

pathogenic strain of HTV-1; 
(iii) carries a deletion of at least ten nucleotides in a region corresponding to me n^f" 
20 gene in HTV-l^j; and 

wherein said deletion encompasses one or more of the following decanurlfotides from 
die mf gene of HTV-l^j or contending sequences from another pathogenic strain 
of HTV-1: 

ATGGGTGGCA(S8Q ID MO: 
25 QGGTOGCAA3(SBQ ID MO: 

GTOOCAAGTG(SBQ ID MOt 

GX3CAAGTOOT(SBQ ID NO: 

GAA6TGGTCA(SBQ ID MO: 

AGTOGTCAAA(6BQ ID MO: 
30 TOSTCAAAAA(SBQ XD NO: 

OTGAAAAAOT(SEQ ID MOt 

CAAAAAOTAG ( SBQ ID MO: 

AAAAGTAOTO ( SEQ ID MO: 

AAGTAOTOT9 ( SBQ ID MO: 



2); TaaOTQXSCAA(SBQ XD MOt 3) S 

4); GOTOaCAAGT (SBQ ID MO: 5) ; 

6); TGGCAAOTOG(SBQ ZD MO: 7); 

8) ; GCAAOTOGTC (SBQ ID SO: 9) I 

10); AAQT0)OTCAA(SSQ ID MOt 11); 

12) ; GTOOTCAAAA(SBQ ID MO: 13) ; 

14); QOTCAAAAAG (SBQ XD MO: 15); 

16) ; TCAAAAAGTA(SBQ XD MOt 17) ; 

18); AAAAAGTAGT (SBQ XD NO: 19); 

20); AAAOTA0TGT (SBQ ID MO: 21); 

22); AOTAGTGTOA ( SBQ XD NO: 23); 
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GTAGTGTGAT ( SEQ ID HO: 24); 
AGTGTGATTG(SEQ ID NO: 26); 
T6TGATTGGA(SBQ ID MO: 28); 
TOATTGOATG (SEQ ID NO: 30); 
5 ATTGGATGGC ( SEQ ID NO: 32); 
TGGATGGCCT (SBQ ID NO: 34); 

GATGGCCTGC (SEQ ID MO: 36); 

TGGCCTGCTO(SEQ ID NO: 38); 

GCCTGCTGTA (SEQ ID NO: 40); 
10 CTGCTGTAAO (SEQ ID NO j 42); 

GCTGTAAGGG (SEQ ID NO: 44); 

TGTAAGGGAA (SBQ ID NO: 46); 

TAAGOQAAAQ (SEQ ID NO: 48); 

AGGOAAAOAMSEQ ID NO: SO) ; 
IS QGAAAGAATQ ( SEQ ID NO: 52); 

AAAOAATOAO (SBQ ID MO: 54); 

AGAATGAQAC (SBQ ID NO: 56); 

AATGAGACGA (SBQ ID NO: S8) ; 

TOAOACOAOC ( SEQ ID NO: 60); 
20 AOACGAGCTO(SEQ ID NO: 62) ; 

ACGAGCTGAG(SBQ ID NO: 64) ; 

OAOCTOAaCC(SEQ ID NO: 66); 

GCTGAGCCAG(SBQ ID NO: 68) ; 

TOAOCCAOCA(SBQ ID NO: 70) ; 
25 AOCCAOCAOC (SBQ ID NO: 72); 

CCAGCAGCAO(SBQ ID NO: 74); 

AGCAGCAGAT(SEQ ID NO: 76); 

CAGCAGATGG(SEQ ID NO: 78); 

GCAGATGGGQ (SEQ ID NO: 60) 
30 AGATGQGGTG (SBQ ID NO: 82) 

ATGGGGTGGG(SBQ ID NO: 84) 

aOGOTGGGAG(SBQ ID NO: 86) 

GGTOGGAGCMSEQ ID NO: 88) 

TGQGAGCAGT (SBQ ID NO: 90) 
35 GGAGGAGTAT (SBQ ID NO: 92) 

AGCAGTATCT (SBQ ID NO: 94); 

CAGTATCTCO (SBQ ID NO: 96); 

GTATCTGSAG (SBQ ID NO: 98); 



TAGTGTGATT (SBQ ID NO: 25); 
GTGTGATTGO(SBQ ID NO: 27); 
OTOATTOGAT (SEQ ID MO: 29); 
GATTGGATGG (SBQ ID NO: 31) 
TTOOATaOCC(SBQ ID NO: 33) 
OGATOOCCTG (SBQ ID NO: 35) 
ATOOCCTOCT(SEQ ID NO: 37) 
GGCCTGCT6T (SBQ ID NO: 39); 
CCTQCTOTAA (SBQ ID NO: 41); 
TGCTGTAAGG (SEQ ID MO: 43) ; 
CTGTAAOOGA (SBQ ID NO: 45) 
OTAAOOOAAA (SBQ ID NO: 47) 
AAOTOAAAOA (SEQ ID NO: 49) 
OaOAAAOAAT (SBQ ID NO: 51) 
aAAAOAATGA(SBQ ID NO: 53) 
AAGAATOAOA (SBQ ZD HO: 55) / 
OAATOAGAOQ (SBQ ZD NO: 57); 
ATGAGACGAG (SBQ ZD HO: 59); 
QAOACOAOCT (SBQ ZD HOi 61) ; 
OAOaAOCTC3A(SBQ ZD MO: 63); 
OaA0CTOA0C(SBQ ZD HO: 65); 
AOCTOAOCCA(SBQ ZD HO: 67) ; 
CTOAOCCAGC (SBQ ZD HO: 69); 
OAOCCAOCAO (SBQ ZD MOt 71); 
GCCAGCAGCA(SBQ ZD HO: 73); 
CAOCAGCAGA (SBQ ZD HOt 75) ; 
GCAQCAGATO(SBQ ID HO: 77) 
AGCaQATGGG (SBQ ID HO: 79) 
CAGATQGGGT (SBQ ZD HO: 81) 
GATOOGGTGG (SBQ ID HOt 83); 
TOOQOTGGGA(SBQ ID HO: 85) ; 
609T000A0C(SBQ ZD HO: 87) ; 
OTGGOAGCAG (SBQ ZD MO: 89); 
GGOAOCAQTA(SBQ ID HO: 91) ; 
GAGCAGTATC (SBQ ID HO: 93); 
QCAQTATCTC (SBQ ID HO: 95) ; 
A6TATCT0GA (SBQ ZD HO: 97); 
TATCTCGAGA ( SBQ ID HO: 99) ; 
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ATCTCGAGAC (SEQ ID NO: 100); TCTOGAGACC (SBQ ID MO: 101); 
CTCGAGACCT (SEQ ID KO: 102); TCGAGACCTA ( SBQ ID MO: 103); 
CGAGACCTAG (SEQ ID NO: 104); GAGACCTAGA { SBQ ID NO: 105); 
AGACCTAOAA ( SEQ ID NO: 106); GACCTAGAAA (SBQ ID NO: 107); 
5 ACCTAGAAAA ( SEQ ID NO: 108); CCTAOAAAAA ( SBQ ID NO: 109); 
CTAGAAAAAC ( SEQ ID NO: 110); TAOAAAAACA (SBQ ID NO: 111); 
AGAAAAACAT (SBQ ID NO: 112); GAAAAACATG (SBQ ID NO: 113); 
AAAAACATG6 (SEQ ID NO: 114); AAAACATQGA (SBQ ZD NO: 115); 
AAACATGGAG ( SEQ ID NO: 116); AACATGGAGC (SBQ ID NO: 117); 
10 ACATGGAGCA (SEQ ID NO: 118); CATOGAGCAA (SEQ ID NO: 119); 
ATGGAGCAAT (SBQ ID NO: 120); TGOAOCAATC (SBQ ID MOt 121); 
GOAGCAATCA ( SEQ ID NO: 122); GAGCAATCAC (SBQ ID NO I 123); 
AGCAATCACA ( SBQ ZD NO: 124); GCAATCACAA ( SBQ ID NO: 125); 
CAATCACAAG (SEQ ZD NO: 126); AATCACAAGT (SBQ ID NO: 127); 
15 ATCACAAGTA ( SBQ ID NO: 128); TCACAAGTAO (SBQ ID NO: 129); 
CACAAGTAGC (SEQ ID NO: 130); ACAAGTAGCA ( 8BQ ZD NO: 131); 
CAAGTAGCAA ( SBQ ZD NO: 132); AAOTAOCAAT (SBQ ZD HO: 133); 
AGTAGCAATA (SEQ ZD NO: 134); GTAOCAATAC (SBQ ZD BO: 135); 
TAGCAATACA ( SEQ ZD NO: 136); AGCAATACAG (SBQ ID NO: 137); 
20 GCAATACAGC (SBQ ZD NO: 138); CAATACAGCA (SBQ ZD MOt 139); 
AATACAGCAG (SEQ ID NO: 140); ATACACCAOC (BBQ ZD MOi 141); 
TACAOCAOCT (SBQ ZD NO: 142); ACAOCA0CTA (SBQ ZD MO: 143); 
CAOCAGCTAA (SEQ ZD NO: 144); AGCAOCTAAC (SBQ ID MOt 145); 
GCAGCTAACA (SBQ ID NO: 146) ; CAOCTAACAA (SBQ ZD MOt 147) ; 
25 AGCTAACAAT (SEQ ZD NO: 148); GCTAACAATG (SBQ ZD MOt 149); 
CTAACAATOC ( SEQ ZD NO: 150); TAACAATGCT (SBQ ZD MO: 151); 
AACAATGCTG (SEQ ID NO: 152); ACAATQCTOC (SBQ ID MO: 153); 
CAATGCTQCT (SEQ ID NO: 154); AATQCT6CTT (SBQ ID NO: 155); 
ATGCTGCTTQ(SBQ ID NO: 156); TGCTQCTTOT (SBQ ID NO: 157); 
30 GCTGCTT U TO (SBQ ID NO: 158); CTGCTTGTOC (SBQ ID NO: 159); 
TGCTTGTGCC(SEQ ID NO: 160); OCTTCTGCCT (SBQ ID NO: 161); 
CTTGTOCCTG(SEQ ID NO: 162); TTQTQCCTGS6 (SBQ ID NOt 163); 
TGTG0CT06C(SBQ ID NO: 164); 6TG0CTOGCT (SBQ ID NOt 165); 
TQCCTGGCTA(S£Q ID NOt 166); GCCIOQCTA0 (SBQ ZD NO: 167); 
35 CCTGOCTAGA ( SEQ ID NO: 168); CTOOCTAGAA(SEQ ID NO: 169); 
TGGCTAGAAQ (SEQ ID NO: 170); GGCTAQAAOC (SEQ ID NOt 171); 
GCTAGAAGCA (SEQ ID NO: 172); CTAQAAGCAC (SBQ ID NO: 173); 
TAGAAGCACA ( SEQ ID NO: 174); AGAABCACAA (SBQ ID NO: 175); 
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GAAGCACAAG (SEQ ID NO: 17<> , AAGCACAAGA ( SEQ ID NO: 177); 
AGCACAAGAG ( SEQ ID NO: 178); «*CAAaAGG(SBQ ID NO: 179 , 
CACAAGAGGA(SEQ ID NO: 180); ACAAGAGGAG (SEQ ID NO: 181 , 
CAAGAGGAGG ( SEQ ID NO: 182); AAGAGGAGGA(SEQ ID NO: 183 
AGAGGAGGAA (SEQ ID NO: 184); GAGGAGGAAG (SEQ ID NO: 185 ; 
AGGAGGAAGA(SEQ ID NO: 186); GGAGGAAGAG (SBQ ID NO: 187 , 
GAGGAAGAGG (SEQ ID NO: 188); AGGAAGAGGT (SBQ ID NO: 189 ; 
GGAAGAGGTG (SEQ ID NO: 190), GAAGAGGTGG(SEQ ID NO: 191 ; 
JUUJAGGTO0 O(SEQ ID NO: 192); AGAGOWOGT (SBQ ID NO: 193 , 
OAGGTCG GTT(SEQ ID NO: 194), AGGTOOOTTT (SEQ ID NO: 195 ; 
GGTGGGTTTT(SEQ ID NO: 196), GTGGGTTTTC (SEQ ID NO: 197 ; 
TGGGTTTTCC ( SEQ ID NO: 198) ; GGGTTTTCCA(SBQ ID NO, 199 / 
GGTTTTCCA6 ( SEQ ID NO, 200) , GTTTTCCAOT(SBQ ID NO: 201 , 
TTTTCCAGTC ( SEQ ID NO: 202), TTTCCAOTCA(SBQ ID NO, 203 ; 
TTCCAGTCAC (SEQ ID NO: 204), TCCAOICA^(SBQ ID MO: 205 , 
CCAOTCACAC(SEQ ID NO: 206); CAGTCACACC (SEQ ID NO: 207 ; 
AGTCACACCT(SEQ ID NO: 208); OTCACACCTC (SBQ ID NO, 209 ; 
TCACACCTCA(SEQ ID NO: 210) ; CACAOCTCAO(SBQ ID NO, 211 ; 
ACACCTCAGG ( SEQ ID NO: 212), CACCTCAGGT (SEQ ID »: 213 ; 
ACCICAflOTA(SEQ ID NO: 214), CCTCAOGTAC (SBQ » NO, 215 , 
CTCAGOTACC (SEQ ID NO: 216), TCAOOTACCTCSBQ ID BO, 217 , 
CAGGTACCTT ( SEQ ID NO: 218), AGGTACCTTT (SEQ ID NO: 219 ; 
GGTACCTTTA ( SEQ ID NO: 220), GTACCTTTAA { SEQ ID NO: 221 ; 
TACCTTTAAO ( SEQ ID NO: 222), ACCTTTAAGA(SEQ ID NO: 223 , 
CCTTTAAGAC ( SEQ ID NO: 224), CTTTAAGACC (SBQ ID NO: 225 , 
TTTAAGACCA ( SEQ ID NO: 226) , TTAAGACCAA (SBQ ID BO: 227) , 
TAAOACCAAT (SEQ ID NO: 228), AAGACCAATG (SEQ ID NO: 229) , 
AGACCAATGA ( SEQ ID NO: 230), GACCAATGAC (SBQ ID WO: 231 , 
ACCAATGACT (SEQ ID NO: 232); CCAATGACTT(SEQ ID NO: 233) ; 
CAATGACTTA ( SEQ ID NO: 234), AATOACTTAC (SBQ ID NO. 235 , 
ATQACTTACA (SBQ ID NO: 236), TOACTTACAA(SBQ ID HO: 237 ; 
GACTTACAA0 (SEQ ID NO: 238), ACTTACAAGO (SBQ ID HO, 239 ; 
CTTACAAGGC ( SEQ ID NO: 240), TTACAAOOCA(SBQ ID HO: 241), 
TACAAGGCAG ( SBQ ID NO: 242), ACMU30CAGC(SBQ ID HO: 243), 
CAAGGCAGCT (SEQ ID NO: 244), AA0OCAOCTQ(SBQ XD HO: 245), 
AGGCAGCTGT (SBQ ID NO: 246), OGCAGCTGTA (SBQ ID HO: 247) , 
GCAGCTGTAG ( SEQ ID NO: 248); CAOCTOTAGA ( SBQ ID HO, 249); 
AGCTOTAGAT ( SEQ ID NO: 250), GCTGTAGATC (SBQ ID HO: 251), 
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CTGTAGATCT (SEQ ID NO: 252); TGTAGATCTT ( SBQ 10 NO: 253); 
GTAGATCTTA (SEQ ID NO: 254); TAGATCTTAG ( SBQ ID HO: 255); 
AGATCTTAGC (SEQ ID NO: 256); GATCTTAGCC (SBQ ID NO: 257); 
ATCTTAGCCA (SEQ ID NO: 258) ; TCTTAGCCAC (SBQ ID HO: 259); 
5 CTTAGCCACT (SEQ ID NO: 260); TTAGCCACTT (SBQ ID NO: 261); 
TAGCCACTTT (SEQ ID NO: 262); AGCGACTTTT (SBQ ID NO: 263); 
GCCACTTTTT (SEQ ID NO: 264); CCACTTTTTA (SBQ ID HO: 265); 
CACTTTTTAA (SBQ ID NO: 266); ACTTTTTAAA (SBQ ID DO: 267); 
CTTTTTAAAA (SEQ ID NO: 268); TTTTTAAAAO (SBQ ID MO: 269); 
10 TTTTAAAAGA (SEQ ID NO: 270); TTTAAAAGAA (SBQ ID HO: 271); 
TTAAAAGAAA (SBQ ID NO: 272); TAAAAQAAAA(SBQ ID HO: 273); 
AAAAGAAAAG ( SEQ ID NO: 274); AAAOAAAAGO (SBQ ID HO: 275); 
AAGAAAAGGG (SEQ ID NO: 276); AGAAAAGGGG (SBQ ID NO: 277); 
(3AAAAGGGGG(SEQ ID NO: 278); AAAAGGGGGG (SBQ ID HO: 279); 
15 AAAGGGGGGA (SEQ ID NO: 280) ; AAGGGGGGAC (8BQ ID HO: 281) ; 
AGGGGGGACT (SEQ ID NO: 282); GOGGGGACTG (SBQ ID HO: 283); 
GOGGGACTOG(SBQ ID NO: 284); GGGGACTGGA(8BQ ZD HO: 265); 
GOGACTGGAA(SEQ ID NO: 286) ; GGACTOGAAO (SBQ ZD HO: 287) ; 
GACTOGAAGQ (SBQ ID NO: 286); ACTGGAAOGG (SBQ ZD HO: 269); 
20 CTOGAAGGOC(SEQ ZD NO: 290); TOGAAOGGCT(SBQ ZD HO: 291); 
GGAAOGGCTA (SBQ ZD NO: 292); OAAGGGCTAA (8BQ ID MO: 293); 
AAGGGCTAAT (SBQ ID NO: 294) # AGGGCTAATT (SBQ ID MO: 295); 
GGGCTAATTC (SBQ ZD NO: 296); GGCTAATTCA(SBQ ID HO: 297); 
OCTAATTCAC (SBQ ID NO: 296); CTAATTCACT (SBQ ID HO: 299); 
25 TAATTCACTC (SBQ ID NO: 300); AATTCACTGC (SBQ ZD NO: 301); 
ATTCACTCCC(SEQ ID NO: 302); TTCACTCCCA(SBQ ID HO: 303); 
TCACTCCCAA (SEQ ID NO: 304); C3^CICCCAAA(SBQ ID NO: 305); 
ACTCCCAAAG (SEQ ID NO: 306); CTCCCAAAGA (SBQ ID MO: 307); 
TCOCAAAGAA (SBQ ZD NO: 306); CCCAAAGAAG (SBQ ZD HO: 309); 
30 OCAAAOAAOA(SEQ ID NO: 310); CAAAOAAGAC (SBQ ZD HO: 311); 
AAAGAAGACA(SEQ ZD NO: 312) ; AAOAAGACAA(SBQ ZD MO: 313) ; 
AGAAGACAAG (SBQ ZD NO: 314) ; GAAOACAAGA(SBQ ZD HO: 31S) ; 
AAOACAAOAT(SBQ ZD NO: 316); AOACAAOATA (SBQ ZD HO: 317); 
GACAAGATAT (SEQ ZD NO: 318); ACAAGATATC ( SBQ ZD MO: 319); 
35 CAAGATATCC (SEQ ZD NO: 320); AAGATATCCT ( SBQ ID HO: 321); 
AGATATCCTT (SBQ ZD NO: 322); OATATCCTTG (SBQ ZD NO: 323); 
ATATOCTTGA (SEQ ZD NO: 324); TATOCTTGAT ( SBQ ZD MO: 32S) ; 
ATCCTTGATC (SBQ ID NO: 326); TOCTTGATCT ( SBQ ID NO: 327)1 
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CCTTGATCTG (SEQ ID NO: 328); CTTGATCTGT (SEQ ID NO: 329); 
TTGATCTOTG (SEQ ID NO: 330) ; TGATCTGTGG(SBQ ID NO: 331); 
GATCTGTGGA (SEQ ID NO: 332); ATCTOTOOAT (SEQ ID NO: 333); 
TCTGTGGAXC (SEQ ID NO: 334); CTGTGGATCT ( SEQ ID NO: 335); 
5 TGTGGATCTA (SEQ ID NO: 336); GTGGATCTAC (SBQ ID NO: 337); 
TGGATCTACC (SEQ ID NO: 338) ; GGATCTACCA ( SBQ ID NO: 339) ; 
GATCTACCAC (SEQ ID NO: 340); ATCTACCACA ( SBQ ID NO: 341); 
TCTAOCACAC(SEQ ID NO: 342); CTACCACACA (SBQ ID NO: 343); 
TACCACACAC(SEQ ID NO: 344); ACCACACACA(SBQ ID NO: 345); 
10 CCACACACAA (SBQ ID NO: 346); CACACACAAG (SBQ ID NO: 347); 
ACACACAAGG (SEQ ID NO: 348); CACACAAGGC ( SEQ ID NO: 349); 
ACACAAGGCT ( SEQ ID NO: 350); CACAAOOCTA(SBQ ID NOt 351); 
ACAAGGCTAC (SEQ ID NO: 3S2) ; CAAGGCTACT ( SBQ ID NO: 353); 
AAGGCTACTT (SEQ ID NO: 354); AGGCTACTTC (SBQ ID NO: 355); 
15 CGCTACTTCC (SEQ ID NO: 356); OCTACTTCCC (SBQ ID NO: 357); 
CTACTTCCCT (SEQ ID NO: 358); TACTTCCCTG (SBQ ID NO: 359); 
ACTTCCCTGA(SEQ ID NO: 360) ; CTTCCCTOAT(SBQ ID NO: 361) ; 
TTCCCTOATT (SEQ ID NO: 362); TCCCTOATTG (SBQ ID NO: 363); 
CCCTGAXTGO (SEQ ID NO: 364); CCTGATTQGC (SBQ ZD MO: 365); 
20 CTOATTGGCA(SEQ ID NO: 366) / TOATTGGCAO (SBQ ID NOt 367) ; 
GA7TOOCAGA(SBQ ID NO: 368) ; ATTOOCAGAA(SBQ ID NO: 369) ; 
TTGGCAOAAC (SEQ ID NO: 370); TGGCAOAACT (SBQ ID MO: 371) ; 
GGCAGAACTA (SEQ ID NO: 372) ; GCAGAACTAC (SEQ ID MO: 373) ; 
CAGAACTACA ( SBQ ID NO: 374); AGAACTACAC ( SBQ ID MO: 375); 
25 GAACTACACA ( SBQ ID NO: 376); AACTACACAC (SBQ ID NO: 377); 
ACTACACACC ( SEQ ID NO: 378) / CTACACACCA(SBQ ID MO: 379) ; 
TAGACACCAG ( SEQ ID NO: 380); ACACACCAOG (SBQ ID NOt 381); 
CACACCAGGG ( SEQ ID NO: 382); ACACCAGGGC (SBQ ID NO: 383); 
CACCAOGGCC (SEQ ID NO: 384); ACGAOGGCCA (SBQ ID NOt 385); 
30 CCAGGOCCAG(SEQ ID NO: 386); CAGOGCCAGG (SBQ XD NOt 387); 
AOOGCCAGGG(SEQ ID NO: 388); GGG0CA8GGG(SBQ ZD NOt 389); 
GGCCAGGGGT (SEQ ID NO: 390); GCCAGGGGTC (SBQ ZD NOt 391); 
CCAGGGGTCA(SEQ ID NO: 392) ; CAGGOOTCAG (SBQ ID NOt 393) ; 
AGGGGTCAGA(SBQ ID NO: 394); GOOGTCAGAT (SBQ ID NO: 395); 
35 GGGTCAGATA ( SBQ ID NO: 396); GGTCAGATAT (SBQ ZD NOt 397); 
GTCAGATATC (SBQ ID NO: 398); TCAGATATCC ( SBQ ZD NOt 399); 
CAGATATCCA (SBQ ID NO: 400); AGATATCCAC (SBQ ID NOt 401); 
GATATCCACT ( SEQ ID NO: 402); ATATCGACTG (SBQ ZD NO: 403); 
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TATCCACTGA ( SEQ ID NO: 404); ATCCACTGAC (SBQ ID MO: 405); 
TCCACTGACC ( SEQ ID NO: 406); CCACTGACCT (SBQ ID NO: 407); 
CACTOACCTT (SEQ ID NO: 406); ACTOACCTTT (SEQ ID NO: 409); 
CTGACCTTTG (SBQ ID NO: 410); TGACCTTTGG (SEQ ID NO: 411); 
5 GACCTTTGGA ( SEQ ID NO: 412); ACCTTTGGAT (SBQ ID NO: 413); 
CCTTTGGATG (SEQ ID NO: 414); CTTTOGATGQ (SBQ ID NO: 415); 
TTTGGATGGT ( SEQ ID NO: 416); TTGGATGGTG (SEQ ID NO: 417); 
TOGATGGTGC (SEQ ID NO: 418); GGATGGTGCT (SEQ ID NO: 419); 
GATGOTGCTA (SEQ ID NO: 420); ATGGTGCTAC (SBQ ID NO: 421); 
10 TOGTGCTACA (SEQ ID NO: 422); GGTOCTACAA (SBQ ID NO; 423); 
GTGCTACAAG (SEQ ID NO: 424); TGCTACAAOC ( SEQ ID NO: 425); 
GCTACAAGCT(SEQ ID NO: 426); CTACAAGCTA ( SBQ ID NO: 427); 
TACAAGCTAG (SBQ ID NO: 428); ACAAGCTAGT ( SEQ ID NO: 429); 
CAAOCTAGTA (SEQ ID NO: 430) ; AAGCTAGTAC ( SEQ ID NO: 431) ; 
15 AGCTAGTACC (SEQ ID NO: 432); GCTAOTACCA ( SBQ ID NO: 433); 
CTAGTACCAO (SEQ ID NO: 434); TAGTACCAGT ( SBQ ID NO: 435); 
AOTACCAOTT (SEQ ID NO: 436); GTACCAGTTG (SBQ ID NO: 437); 
TACCAGTTGA (SEQ ID NO: 438) ; ACCAOTT0AO(SEQ ID NO: 43*) ; 
CCAOTTGAOC(SEQ ID NO: 440); CAGTTGA0CC( SBQ ID NO: 441); 
20 AGTTOAOCCA ( SBQ ID NO: 442); OTTOAOCCAG(SEQ ID NOi 443); 
TTGAGCCAaA (SEQ ID NO: 444); TQAOCCAGAT (SBQ ID NO: 445); 
OAOCCAGATA ( SEQ ID NO: 446); AGCCAOATAA ( SBQ ID NO: 447); 
GCCAOATAAG (SEQ ID NO: 448); CCAGATAAOO(SBQ ID NO: 449); 
CA6ATAAGOT (SEQ ID NO: 450); AGATAAGGTA ( SBQ ID NO: 451); 
25 GATAAOOTAG (SEQ ID NO: 452); ATAAOGTAGA ( SBQ ID NO: 453); 
TAAGGTAGAA ( SEQ ID NO: 454) ; AAGGTAGAAG ( SEQ ID NO: 455) ; 
AOGTAGAAGA(SEQ ID NO: 456); GGTAOAAGAG ( SEQ XD NO: 457); 
GTAGAAGAGG (SEQ ID NO: 458); TAGAAGAGGC (SBQ ID MO: 459); 
AGAAGAGGCC (SEQ ID NO: 460); GAAOAGaCCA(SBQ ID NO: 461); 
30 AAGAGGCCAA (SEQ ID NO: 462); AGAGGCCAAT (SBQ ID NO: 463); 
GAGGCCAATA ( SEQ ID NO: 464); AGGCCAATAA ( SEQ ZD MO: 465); 
GGCCAATAAA ( SEQ ID NO: 466) ; GCCAATAAAG ( SEQ XD MO: 467) ; 
CCAATAAAGG (SBQ ID NO: 468) ; CAATAAAGGA ( SBQ XD MO: 469) ; 
AATAAAGGAO (SEQ ID NO: 470); ATAAAGGAGA ( SBQ XD NO: 471); 
TAAAGGAGAO (SEQ XD NO: 472); AAAOGAGAGA(SEQ XD MO: 473); 
AAGOAGAGAA ( SEQ ID NO: 474); AGGAGAGAAC (SBQ ID MO: 475); 
GGAGAGAACA ( SEQ ID NO: 476); GAGAGAACAC (SEQ XD NO: 477); 
AGAGAACACC (SEQ ID NO: 476); GAGAACACCA ( SBQ XD NO: 479); 



I.USAJT 



37- 



El 



AGAACACCAG ( SEQ ID NO 
AACACCAQCT ( SEQ ID NO 
CACCAGCTTG (SEQ ID NO 
CGAGCTTGTT ( SEQ ID NO 
5 ACC T TGTT A C (SEQ ID NO: 
CTTGTTACAC (SEQ ID NO: 
TOTTACACCC (SEQ ID NO: 
TTACACCCTG (SEQ ID NO: 
ACACCCTOTO (SEQ ID NO: 
10 ACCCTGTGAG (SEQ ID NO: 
CCTGTOAOCC (SEQ ID NO: 
TOTGAGCCTG (SEQ ID NO i 
TOAOCCTGCA ( SEQ ID NO: 
AOCCTOCATG(SBQ ID NO: 
IS CCTGCATGOMSEQ ID NO: 
TGCATGOAAT (SBQ ID NO: 
CATGGAATOO (SEQ ID NO: 
TGOAATGGAT (SEQ ID NO: 
GAATOOATOA (SEQ ID NO: 
20 ATGGATGACC (SEQ ID NO: 
OOATGACCCT (SEQ ID NO: 
ATGACCCTGA (SEQ ID NO: 
QACCCTGAOACSEQ ID NO: 
CCCTOAGAOMSBQ ID NO: 
25 CTCAGAQAQA (SBQ ID NO: 
OAOAOAGAAO (SEQ ID NO: 
GAGAOAAGTG (SEQ ID NO: 
6AGAAGT0TT (SEQ ID NO: 
GAAGTGTTAQ (SEQ ID NO: 
30 AGTGTTAGAG ( SEQ ID NO: 
TGTTAGAGTG (SBQ ID NO: 
TTAQAGT6GA (SEQ ID NO: 
AGAGTQOAGG (SEQ ID NO: 
AGTGGAGGTT (SBQ ID NO: 
35 TOOAGGTTTG (SEQ ID NO: 
QAOOTTTGAC (SEQ ID NO: 
GGTTTGACAG (SEQ ID NO: 
TTTGACAGCC (SEQ ID NO: 



: 480); GAACACCAGC (SBQ ID NO 
: 482); ACACCAGCTT (SBQ ID NO 
: 484)/ ACCAOCTTOT (SBQ ID HO 
s 486); CAGCTTOTTA (SBQ ID NO 
■ 488); GCTTGTTACA ( SBQ ID SO 
490) ; TTOTTACACC ( SEQ ID NO 
492); GTTACACCCT ( SBQ ID NO 
494); TACACCCTGT (SBQ ID NO 
496); CACCCTOTQA ( SBQ ID NO 
498); CCCTGTGAOC(SSQ ID NO 
500); CTOTOAGCCT (SBQ ZD MO 
502); GTGACCCTOC (SBQ ID NO 
504) ; GAGCCTC3CAT (SBQ ID MO 
506) ; OCCTGCATQQ ( SBQ ZD MO 
508) ; CTOCATOCJAA(SBQ ZD MO 
S10) ; GCATQOAATG (SBQ ZD MO 
512) ; ATGOAATOOA ( SBQ ZD MO 
514) ; GGAATOGATO ( SBQ ID MO 
S16) ; AATGGATGAC (SBQ ZD MO 
518); TOGATQACCC (SBQ ID MO 
520) ; OATOACCCTC (SBQ ZD MO 
522) ; TGACOCTOAGI (SBQ ZD MO 
524) ; ACCCTGAGAO (SBQ ZD MO 
526); CCTOAOAOAG (SBQ ZD MO 
S28) ; TGAOAOAaAAtSBQ ZD NO 
530); AOAQAGAAOT (SBQ ZD NO 
532) ; AGAOAAGTGT (SBQ ID NO 
534) ; aGAaOTGTTa(SBQ ID NO 
536) ; AAGTGTTAGA ( SBQ ID NO: 
530) ; GTQTTAGAGKSBQ ID NO: 
540) ; GTTAOAOTOa(SBQ ID NO: 
542); TAOaGETGQAO (SBQ ZD NOi 
544) ; GAOTOQAGGT(SBQ ID NO: 
546) ; GTQOA96TTT(SBQ ID NO: 
548) ; GGAOOTTTGA(SBQ ID NOi 
550) ; AGOTTTGACA ( SBQ ID NO: 
552) ; GTTTGACAGC ( SEQ ID NO: 
554) ; TTGACA0C06(SEQ ID NO: 



481 
483! 
485] 
487] 
489) 
491) 
493) 
495) 
497) 
499) 
501) 
503) 
505) 
507) 
509) 
5X1) 
513) 
515) 
S17) 
519) 
521) 
523) 
525) 
527) 
529) 
531) 
533) 
535) 
537) 
539) 
541) 
543) 
545) 
547) 
549) 
551) 
553) 
555) 



) 
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TGACAGCCGC (SEQ ID NO: 556); GACAQCCGCC (SEQ ID 80: 557); 
ACAGCCOCCT (SEQ ID NO: 558); CAGCOGCCTA (SBQ ZD MO: 559); 
AGCCGCCTAG (SBQ ID NO: 560); GCOGCCTAGC (SEQ ID MO: 561); 
CCGCCTAGCA (SEQ ID NO: 562); CGCCTAGCAT { SEQ ID MO: 563); 
5 GCCTA6CATT (SEQ ID NO: 564) ; CCTAGCATTT ( SEQ ID MO: 565) ; 
CTAGCATTTC (SEQ ID NO: 566); TAGCATTTCA(SBQ ID MO: 567); 
AOCATTTCAT (SEQ ID NO: 568) ; GCATTTCATC ( SEQ ID MO: 569) ; 
CATTTCATCA (SEQ ID NO: 570); ATTTCATCAC (SBQ ID MO: 571); 
TTTCATCAOO (SEQ ID NO: 572); TTCATCAGST ( SBQ ID MO: S73) ; 
10 TCATCACGTG (SEQ ID NO: 574); CATCAOGTGO (SBQ ZD MO: 575); 
ATCAOOTOGC (SBQ ID NO: 576); TCAOSTG6CC(SBQ ZD MO: 577); 
CACGTGGCCC (SBQ ID NO: 578); AGG7GGCCCG (SBQ ID MO: 579); 
CGTGGCCGGA(SBQ ID NO: 580); GTGGCCGQAO (SBQ ZD MO: 581); 
TOGCCCOAGA (SEQ ID NO: 582); G6CC00AGA0(SBQ ID MO: S03) ; 
15 GCCGOAGAGC (SEQ ID NO: 584); CCOGAGAOCT (SBQ ID MO: 585); 
OGGAGAOCTG (SBQ ID NO: 506); CGAGAOCTGC (SBQ ID MO: 587); 
GAQAOCTGCA (SEQ ID NO: 588); AGAOCTGCAT (SBQ ZD NO: 589); 
GAGCTGCATC (SEQ ZD NO: 590); AGCTGCATCC (SBQ ZD MO: 591); 
GCTGCATCOQ (SBQ ZD NO: 592); CTOCATCOOO (SBQ ZD MO: 593); 
20 TSCATOOOGUKSBQ ZD NO: 594); GCATCO0GA0 (SBQ ZD NO: 595) ; 
CATCGOQAGT (SBQ ZD MO: 596); ATCCGOAOTA (SEQ ZD MO: 597); 
TCO0X3AGTAC ( SBQ ZD NO: 598); CCOOAOTACT (SBQ ID MO: 599); 
OQGAOTACTT (SEQ ZD NO: 600); GGAGTACTTC (SBQ ZD NO: 601); 
OAQTACTTCA ( SEQ ZD NO: 602) ; AOTACTTCAA ( SBQ ZD MO: 603) ; 
25 GTACTTCAAG (SEQ ZD NO: 604); TACTTCAAGA (SBQ ZD MO: 605); 
ACTTCAAGAA(SEQ ZD NO: 606) ; CTTCAAGAAC(SEQ ZD NO: 607) ; 
TTCAAOAACT(SBQ ZD NO: 608); TCAAGAACTG(SEQ ZD NO: 609); 
CAAGAACTOC(SEQ ZD NO: 610) ; AAQAACTOCT(SBQ ID NO: 611) ; 
AGAACTGCTG(SEQ ID NO: 612); GAACTGCTOA (SBQ ZD NO: 613). 

30 

In a preferred embodiment the present invention contemplates * viral isolate which: 
(1) is reactive to antibodies to a gl y c op r o tein from HTV-1 such at at least one of 

gp41-45, gpl20 and/or gpMSO; 
00 carries a deletion of at least ten nucleotides in a region c or respo n ding to die 
35 nef gene in HTV-1 ^^j; and 

wherein said deletion encompasses ooc or more decanucleotidca from the in/ gene of 
HTV-1 or corresponding sequences from another pathogenic strain f HTV-I 
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20 



25 



30 



defined in (or substantially analogous to) 
ACCAGCTTGT [SEQ ID NO: 803 
CAGCTT G TT A [SEQ ID NO: 805 
GCTTGTTACA [SEQ ID NO: 807 
TTOTTACACC [SEQ ID NO: 809 
GTTACACCCT [SEQ ID NO: 811 
TACACCCTOT [SEQ ID NO: 813 
CACCCT6TGA [SEQ ID NO: 815 
CCCTCTOAGC (SEQ ID NO: 817 
CTCTGAGCCT [SEQ ID NO: 819 
GTGAGCCTGC [SEQ ID NO: 821 
GA6CCT6CAT [SEQ ID NO: 823 
GCCTOCATGG [SEQ ID NO: 825 
CTGCATGGAA [SEQ ID NO: 827 
GCATOOAATO [SEQ ID NO: 829 
ATGGAATOGA [SEQ ID NO t 831 
GGAATGGATG [SEQ ID NO: 833 
AATGGATGAC [SEQ ID NO: 835 
TOOAT0AGCC [SEQ ID NO: 837 
GATGACCCTO [SEQ ID NO: 839 
TOACCCTOA0 [SEQ ID NO: 841 



SEQIDNOs.803 to 841: 
CCAOCTTOTT [SEQ ID NO: 804 
AGCTTCTTAC (SEQ ID NO: 806 
CTTQTTACAC [SEQ ID NO: 808 
TGTTACACCC [SBQ ID NO: 810 
TTACACCCTO [SBQ ID NO: 812 
ACACCCTGTG [SBQ ID NO: 814 
ACCCTOTGAO [SBQ ID NO; 816 
CCTGTGACCC [SBQ ID NO: 818 
TGTGAGCCTG [SBQ ID NO: 820 
TGAOCCTOCA (SBQ ID NO t 822 
AGCCTGCATO (SBQ ID NO: 824 
CCTGCATGGA (SBQ ID NO: 826 
TGCATOOAAT (SBQ ID NO: 828 
CATOGAATGO (SBQ ID MO: 830 
TOGAATGGAT (SBQ ID NO: 832 
GAATGGATGA (SBQ ID NO: 834 
ATGGATGACC (SBQ ID MO: 836 
OOATOACCCT (SBQ ID MO: 838 
ATGACCCTGA (SBQ ID MO: 840 



Generally, the subject HTV-1 isolate is non-pamogenie m uetdnbefore defined. 
Additionally, reference herein to "a deletion" includes reference to a contiguous or non- 
contiguous secies of two or more deletions. 

The non-pathogenic isolate may cany a single decanucleotide deletion or may cany 
more than one decanudeotide deletion. Where H carries multiple d e leti on s these may 
all correspond to a contiguous sequence or be from different parts of the na/ gene. 
Furthermore, the terminal end portions of a deletion may lie wimin a decanudeotide as 
defined above. It is emphasised mat the present invention extends to analogous 
sequences from other pathogenic Strains of HIV-1 which might cany mf genes with a 
slightly altered sequence relative to HIV-lj^. 
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In * most preferred embodiment of the present invention, there is provided • non- 
pathogenic strain of HTV-1 carrying a nucleotide sequence in hs genome as set forth 

in SEQ ID No. 614: 
5 GAAGAGATTTG<MAGAACATGACCTaGAT<X3VG^ 

AAAATACATATACTCCTTACTTGAAAAATCCCAGAACCAACAAOA^ 

AACTATTtKAATTGGATC^TGGGCAAGTTTGTGGJ^ 

CTOTt^ATATAAAAATATTCATAATGGTAGTAGGAGGCTT^ 

TTTTQCTGTACTTTCT ATAGTTG AATAGAGTTA^ C 
10 A<^CCCTCCTCCCAACCCCGAGGOGACCCG^ 

GGAGAGAGAGACAGAGACAGATCCACTCGATTAGT^ 

OOACXJACCTOAGGAGCClOTGCXrKnTC 

TTCTTUICAAGGATTGTXXJAACTTCTCXSGAGGC^ 

TGGAACCTCCTAAAGTATTCXjAGCCAGGAACTGCAGAA G A^ 
15 TGC^CCGCCATAGCACTAGCTGAGGGGACAGATAGAOTT 

CTTATAGA<XTATCCTCCACATACCTAflAAQAATAAaACAO(XJCCTO^ 

CTATAAAATCGGTGGCAAGTGAGCAAAAACTAi^^ 

GGGTOQGGGCCAACAACTAACAATtj^TOATOOTaCCTCMCTA^ 

AOAACWtX KiriTlOJ UaTCAAACCTCIUXffAOCTOT 
20 AAAAO(XJOO<^CT(XaAAOOOerAATTCACTCCCAA 

AAACTATTACCAGTOSMn^UXXSAA^ 

Al'lX/lTCTGTT G GGGACTTTCCATCCXnTGGGGACTTTCCAA^ 

aACTAOTTCaxmXWOACTTTCCAA^ 
GAGC£CTCAGATGCTGCATATAAGCAQ^ 
25 AGACCAGATCTGJMXXrTGGGAGCTCTCTGGCT^ 
AATAAAGCTT<XXHrrQAOTOCTTCAAOT^^^ 
ATCTAOA; 

and/or SEQ ID NO: 615: 

30 GAAACAATTTOaOATAACATOACCIX^ 

AAACATAATATACACCTTAATTOAAOAAT^^ 

AATTATTCraAATTOGATAAATGGGCAAATTTOIO^ 

CTATGKWATATAAAATTATTCATAATGOTACFTATO 

TTTTACTOTACTTTCTATAQTOAATAQ^^ 
35 A<^CCCACCrCCCAACCCCQAAOQQACCCQACAQGCC^^ 

GGACUtaAOAOACAaAtXICAGCTC^ 

CWACXIACCTGAaSAGTCTOTOCCTCTTatf^ 
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TTCTAACGAGGATTOTCXSAACTTCTGKXACG^ 

TtXSAATCTCCTOCAGTATTGGAGGCAGGAA 

TGGCACGQ<^TAGCAOTAGCnSAGGGGACAGJlTAGAOTO 

CTTATAQAGCTATTCTCEACATACCTAGAAGAATAAGA 

CTATAAAATGGCTGGOVAGTGGT 

OACAAOGCAGCTATAGATCTTAGCOOCTTTTTAAAAGAAAAGGGGGCACTGOAAOGG^T 

AATTCACTCAaMSACAAGfrTCACT 

AAAACAACAQATTOTTCCGTTTOTTGCOTTCXJGGAC^ 

GATAAGCCGCTOGGGACTTTCCGAAGAGGCGTGACGGGACTTTCCA^ 

TGGC«3<^Cl<X»3GAGTGGCGAGCCCrCAG^ 
CTGTACTGGCTCTCTCrCWTTAGACC^ 

GGAACCCACTOCTTAAGCCTCAATAAAGCTTGCCTTGAGTGC^ 
OOTCT O TT Q TQTGACTCTOOTATCTAQA . 

The present invention, however, extends to HTV-1 isolates which are non-pathogenic; 
cany genomes capable of hybridising under low stringency conditions to SEQ ID NO: 
614 or SEQ ID NO: 615; and which do not direct the synthesis of a full length «e/gene 

In a further embodiment the present invention contemplates a viral isolate which: 
(i) is reactive to antibodies to a glycoprotein from HTV-1 such as at least one f 

gp41-45, gpl20 and/or gpl60; 
00 carries a genome or a part or fragment thereof capable of hybridising under 

medium stringency conditions to a nucleotide sequence as set forth in SEQ ID 

NO: 1 or a complementary form thereof or an analogous s eq u mr* from another 

pathogenic strain of HTV-1 ; 
(Hi) carries a deletion of at least ten nucleotides in a region corresponding to the LTR 

region in HTV-1 ^3; and 
wherein said deletion encompasses one or more of the following decanucleotides from 
the LTR region of HTV-1 or corresponding sequences from another pathogenic 
strain of HTV-1: 

Q C TTTTT O CC (SEQ ID HO: €52); CTTTTTOCCT (SBQ ID NOi 653); 
TTTTTGCCTG (SEQ ID NOi 654) ; TTTTGCCTGT (SBQ ID MO: 65S) ; 
TTTGCCTCTA (SBQ ID HO: 656) 1 TTQCCT G TAC (SBQ ID HO: 657); 
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TGCCTOTACT 
CCTGTACTGG 
TOTACTGOOT 
TACT00OTCT 
5 CTGGGTCTCT 
GGOTCTCTCT 
GTCTCTCTGG 
CTCTCTGOTT 
CTCTOOTTAO 

10 CTGGTTAGAC 
GGTTAGACCA 
TTAGACCAGA 
AGACCAGATC 
ACCAOATCTG 

IS CAGATCTGAG 
OATCTGAGCC 
TCTGAOCCTO 
TGAOCCTGGG 
ACCCTOOOAO 

20 CCTOGGAGCT 
TGGGAGCTCT 
OOAGCTCTCT 
AGCTCTCTGO 
CTCTCTGOCT 

25 CTCTGGCTAA 
CTGOCTAACT 
GOCTAACTAG 
CTAACTAOOO 
AACTAOGOAA 

30 CTAGGGAACC 
AGGGAACCCA 
GGAACCCACT 
AACCCACTGC 
COCACTOCTT 

35 CACTGCTTAA 
CTGCTTAAGC 
OCTTAAGCCT 
TTAAGCCTCA 



(SEQ ID NO: 658) 
(SEQ ID NO: 660) 
(SEQ ID NO: 662) 
(SEQ ID NO: 664) 
(SEQ ID NO: 666) 
(SEQ ID NO: 668) 
(SEQ ID NO: 670) 
(SEQ ID NO: 6?2) 
(SEQ ID NO: 674) 
(SEQ ID NO: 676) 
(SEQ ID NO: 678) 
(SEQ ID NO: 680) 
(SEQ ID NO: 682) 
(SEQ ID NO: 684) 
(SEQ ID NO: 686) 
(SEQ ID NO: 688) 
(SEQ ID NO: 690) 
(SEQ ID NO: 692) 
(SSQ ID NO: 694) 
(SEQ ID NO: 696) 
(SEQ ID NO: 698) 
(SEQ ID NO: 700) 
(SEQ ID NO: 702) 
(SEQ ID NO: 704) 
(SEQ ID NO: 706) 
(SEQ ID NO: 708) 
(SEQ ID NO: 710) 
(SEQ ID NO: 712) 
(SEQ ID NO: 714) 
(SEQ ID NO i 716) 
(SEQ ID NO: 718) 
(SEQ XD NO: 720) 
(SEQ ID NO: 722) 
(SEQ ID NO: 724) 
(SEQ ID NO: 726) 
(SEQ ID NO: 728) 
(SEQ ID NO: 730) 
(SEQ ID NO: 732) 



GCCTGTACTG 

CTGTACTGGG 

GTACTGGGTC 

ACTGGGTCTC 

TGGGTCTCTC 

GGTCTCTCTG 

TCTCTCTGGT 

TCTCTGGTTA 

TCTCTGGTTA 

TOGTTAGACC 

GTTAGACCAG 

TAGACCAGAT 

GACCAGATCT 

CCAGATCTGA 

AGATCTGAGC 

ATCTGAGCCT 

CXOAGCCTGG 

GAOCCTGGGA 

GCCTGGGAOC 

CXOGGAGCTC 

GGGAOCTCTC 

QAGCTCTCTG 

OCTCTCTGGC 

TCTCTGGCTA 

TCTQGCTAAC 

TGGCTAACTA 

GCTAACTAGG 

TAACTAGGGA 

ACTAGGGAAC 

TAOGGAACCC 

GGGAACCCAC 

GAAOCCACTO 

AGCCACTGCT 

CCACTGCTTA 

ACTGCTTAAO 

TGCTTAAGGC 

CTTAAGOCTC 

TAAGCCTCAA 



(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(8BQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ ID NO 
(SEQ XD NO 
(SEQ XD NO 
(SEQ ID NO 
(SEQ ID NO: 
(SEQ XD NO: 
(SEQ ID NO: 
(SEQ XD NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(8EQ XD NO: 
(SEQ XD NO: 
(8BQ ID NO: 
(SEQ XD NO: 
(ESQ XD NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SBQ XD NO: 



659) ; 

661) ; 

663) ; 

665) ; 

667) ; 

669) ; 

671) ; 

673) ; 

675) ; 

677) / 

679) ; 

681) / 

683) ; 

685) ; 

687) ; 

689) ; 

691) ; 

693) ; 

695) ; 

697) ; 

699) ; 

701) ; 

703) ; 

705) ; 

707) ; 

709) | 

711) ; 

713) ; 
715) ; 
717) t 
719) | 
721) ; 
723) ; 
725) | 
727) ; 
729) I 
731) ; 
733) ; 



AAGCCTCAAT (SEQ ID NO: 734); 

OCCTCAATAA (SEQ ID NO: 736); 

CTCAATAAAO (SEQ ID NO: 738); 

CAATAAAGCT (SEQ ID NO: 740); 
5 ATAAAOCTTG (SEQ ID NO: 742); 

AAAGCTTGCC (SEQ ID NO: 744); 

AGCTTGCCTT (SEQ ID NO: 746) ; 

CTTGCCTTQA (SEQ ID NO: 748) ; 

TGCCTTGAGT (SEQ ID NO: 750) ; 
10 CCTTGAGTGC (SEQ ID NO: 752) ; 

TTOAGTGCTT (SEQ ID NO: 754); 
GAGTGCTTCA (SEQ ID NO: 756) ; 
GTGCTTCAAG (SEQ ID NO: 758); 
OCTTCAAGTA (SEQ ID NO: 760) ; 
15 TTCAAOTAGT (SEQ ID NOi 762); 
CAAGTAOTOT (SEQ ID NO: 764) ; 
AOTAOTGTGT (SEQ ID NO: 766) ; 
TAGTGTOTCC (SEQ ID NO: 768) / 
OTGTOTGCOC (SEQ ID NO: 770); 
20 GTGTQCCCGT (SEQ ID NO: 772) ; 
GTGCCCOTCT (SEQ ID NO: 774); 
GCCCGTCTQT (SEQ ID NO: 776); 
CCOTCTOTTO (SEQ ID NO; 778); 

OTCixyrrora (seq id no: 780) ; 

25 CTOTTOTOTO (SEQ ID NO: 782) ; 

GTTOTOTOAC (SEQ ID NO: 784); 

TGTGTOACTC (SEQ ID NO: 786) ; 

TOTOTGACTC (SEQ ID NO: 788); 

TOTGACTCTG (SEQ ID NO: 790) ; 
30 TGACTCTGGT (SEQ ID NO: 792) ; 

ACTCTGGTAA (SEQ ID NO: 794); 

TCTOGTAACT (SEQ ID NO: 796) ; 

TG6TAACTA0 (SEQ ID NO: 798); 
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AOCCTCAATA (SEQ ID NO: 735); 

CCTCAATAAA (SEQ ID NO: 737); 

TCAATAAAGC (SEQ ID NO: 739); 

AATAAAOCTT (SEQ ID NO: 741); 

TAAAGCTTCC (SEQ ID NO: 743); 

AAGCTTOCCT (SEQ ID NO: 745); 

GCTTGCCTTG (SEQ ID NO: 747); 

TTGCCTTGAG (SEQ ID NO: 749); 

QCCTTOAGTG (SEQ ID NO: 751) ; 
CTTOACTGCT (SEQ ID NO: 753); 
TOAOTOCTTC (SEQ ID NO: 755); 
AGrTGCTTGAA (SEQ ID NO; 757); 
TGCTTCAAGT (SEQ ID NO: 759) ; 
CTTCAAGTAG (SEQ ID NO: 761); 
TCAAGTAGTO (SEQ ID NO: 763); 
AAOTAGTOTO (SEQ ID NO: 765); 
GTAGTGTGTG (SEQ ID NO: 767) ; 
AGTQTOTOCC (SEQ ID NO: 769) ; 
TGTGTGCCOG (SEQ ID NO: 771) ; 
TOTGCCCGTC (SEQ ID NO: 773) ; 
TOCCCGTCTG (SEQ ID NO: 775) ; 
COOOTCTGTT (SEQ ID NO: 777) ; 
IXJTClXITTttT (SEQ ID NO: 779); 
TCTOTTGTOT (SEQ ID !K>* 781) ; 
TOTTGTOTGA (SEQ ID NO: 783); 
TTCTCTGACT (SEQ ID NO: 785) ; 
OTGTGACTCT (SEQ ID NO: 787) ; 
OTOTOACTCT (SEQ ID NO: 789); 
OTOACTCTOO (SEQ ID NO: 791) ; 
GACTCTOGTA (SEQ ID NO: 793) ; 
CTCTGGTAAC (SEQ ID NO: 795) ; 
CTGOTAACTA (SEQ ID NO: 797) ; 
OOTAACTAOA (SEQ ID NO: 799) . 



The non-pathogenic isolate may carry a single decanudeotide deletion in the LTR region 
or may cany multiple deletions in the same region or in the LTR region and another 
region such as the ne/gene. In particular, the mutation may be in the LTR/i*/overlap 
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region. Where it carries multiple deletions, these may correspond to a eontigu us 
sequence or be from different parts of the LTR region and/or nef gene. Furthermore, 
the terminal end portions of a deletion may lie within a decanucieotide as defined above. 

5 Yet another aspect of the present invention provides an infectious molecular clone 
comprising genetic sequences derived from the non-pathogenic HTV-l isolates as 
hereinbefore described and includes genetic sequences encoding nugor structural proteins 
such as gag env and pol. Infectious molecular clones are particularly useAil as genetic 
compositions capable of -infecting" host cells without need of viral coat The infectious 
10 molecular clones of the present invention may also be derived from pathogenic HTV-l 
strains tendered non-pathogenic as hereindescribed. 

According to this latter embodiment, there is contemplated a method of attenuating a 
pathogenic strain of HIV- 1, said method comprising inducing a mutation in the ntf gene 

15 and/or an LTR region to generate a nonpathogenic HIV-1 strain as hereinbefore 
described Preferred mutations are deletions of at least ten nucleotides such as one or 
more of the decanucleotides as hereinbefore described. Particularly preferred mutations 
result in modified Nef protein carrying a deletion substantially ooueiponrfing to amino 
adds 162 to 177 of Nef from wild-type HIV-1. The mutations may also constitute 

20 substitutions and/or insertions of heterologous nucleic acid moloculea in the mfnxAlcet 
LTR regions such as die incorporation of a sense (i.e. co-suppression) or antisense 
molecule. 

In still yet another embodiment of the present invention, there is provided an isolated, 
25 non-pathogenic strain of HIV-1 comprising a deletion in its genome of at least 10 
nucleotide within the region of nucleotide 8787 and 9709 and mote particularly within 
the region 8800 and 9700 and even more preferably within the region 8800 and 9410, 
using die nucleotide numbering of HTV-l^j. 
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In one embodiment, the deletion of at least 10 nucleotides is from within a region 
selected from the list consisting of (using the nucleotide numbers of HTV-l^j): 
nucleotide (i) 8830-8862; 
5 (ii) 9009-9035; 

(Hi) 9019-9029; and 

Civ) 9033-9049. 

In another embodiment, the deletion of at least 10 nucleotides is from within a region 
10 selected from die list consisting of (using the nucleotide numbers of HIV-I^j): 
nucleotide (v) 9281-9371; 



15 



(vi) 9281-9362; 

(vii) 9105-9224; 

(viii) 9271-9370. 



and 



In yet another embodiment, the deletion of at least 10 nucleotides is from within a 
region selected from the list consisting of (using the nucleotide numbers of HTV-l^j): 
nucleotide (ix) 8882-8928; 



(x) 8850-9006; 
20 (») 8792-9041 

(xii) 9112-9204. 



and 



In still yet another embodiment, the deletion of at least 10 rmeleotidea is from within a 
region selected from the list consisting of (using the nucleotide numbers ofHTV-l^f^j): 
25 nucleotide (xiii) 9105-9224; 

(xiv) 9389-9395; and 

(xv) 9281-9366. 



30 



The above embodiments including any combinations thereof or functional equivalents 
thereof. Most preferred variants of HIV- 1 are defined in Table 3. 



-46- 

Reference herein to the non-pathogenic HTV-1 steins of the present invention includes 
reference to components, parts, fragments and derivatives thereof including both genetic 
and non-genetic material, Furthermore, the non-pathogenic HTV-1 strains may be in 
5 isolated form or resident in peripheral blood mononuclear cells (PBMCs) or other like 
celle where the genome of the HTV-1 strains is integrated as DNA from said HTV-1 
strains such as proviral DNA. In addition, the present invention extends to recombinant 
virus such as from (or resident in) prokaryotes or eulcaryotes as well as in the form of 
infectious molecular clones. 

10 

Accordingly, die pres e nt invention provides for the non*pethogenic HTV-1 isolate, 
genomic material ther efr om, complementary proviral DNA, molecular infectious clones, 
recombinant viral particles or genetic sequences therefrom or cells expressi ng same or 
blood cells carrying proviral DNA or to any mutants, derivatives, components, 
IS fragments, parts, homologuea or analogues of the foregoing. 

Another aspect of die present invention contemplates a synthetic peptide comprising a 
sequence of amino adds as defined in SEQ ID NO:699 or a part or a fragment thereof. 
The synthetic peptide generally comprises at least four, preferably at least five, more 

20 preferably at least six and even more preferably at least seven or more of (he amino 
acids as defined in SEQ ID NO:699. Furthermore, the synthetic peptides may comprise 
c h e mic ally modified amino acids or structurally, functionally and/or at e reo ch emically 
equivalent substitute amino acids. Such synthetic peptides are usefUl in diagnostic 
protocols or in therapeutic regimums, such as in generating antibodies to that particular 

25 region of the Nef protein. By administering the synthetic peptides of tins aspect of the 
present invention, higher titres of antibodies to a particular region of Nef may be 
obtained compared to what would be stimulated if a larger portion of Nef is used 

The non-pathogenic HIV-1 strains of the present invention are particularly useful in the 
30 development of therapeutic compositions, therapeutic molecules and/or diagnostic 
reagents. With regards to the former, the nonpathogenic HIV-1 strain may be 
considered as a live attenuated vaccine where individuals carrying DNA derived fiom 
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said non-pathogenic HIV-1 strain such as pro viral DNA in target ceils are protected from 
infection by a corresponding pathogenic strain ^ 

sense as a therapeutic composition or molecule which prevents or reduces HIV-1 
infection or risk of infection or which ameliorates the symptoms of infection* It may 
5 involve the stimulation of an response or may involve blocking HIV-1 cells 

receptors and/or the use of genetic compositions, for example, to introduce ribozymes 
or antisense molecules to HIV-1 directed genetic sequences or to prepare infectious 
molecular clones. For convenience, all such compositions are referred hereinafter to 
"therapeutic compositions". 

10 

Accordingly, the present invention contemplates a method for inhibiting or reducing the 
risk of infection by a pathogenic strain of HIV-1, said method comprising a dministerin g 
to a subject a non-pathogenic HIV-1 as hereinbefore defined in an amount effective to 
infect target cells and to generate target cells carrying proviral DNA from said non- 
15 pathogenic HTV-1. More particularly, the present invention oorrfrmptsfss a method for 
inhibiting or reducing productive infection of an individual by a pathogenic strain of 
HTV-l, said method comprising administering to a subject a nott-pa&oge&ic Isolate of 
HIV-1 in an amount effective to infect target cells and to generate target cells carrying 
proviral DNA from said non-pathogenic HTV-1. By "productive infection" as used in 
20 the specification and claims herein is meant the infection of a cell or cells by * 
pathogenic strain of HIV-1 which leads ultimately to the symptomology of AIDS or 
AIDS related diseases. A cell infected productively produces pathogenic virions. By 
definition, infection of an individual by a noa-pathogenic strain of HTV-1 would not lead 
to productive infection. Non-pathogenic HTV-1 strains generally replicate to a su ff icie nt 
25 extent to protect cells against challenge by virulent or pathogenic strains. Tbe methods 
of the present invent] on are applicable prophylactically (i.e. to prevent de novo infection) 
or therapeutically (Le. to reduce or slow disease progression). 

The present invention Anther provides a method for vaccinating an individual against 
30 the development of AIDS or AIDS-related diseases, said method comprising 
administering to said individual a non-pathogenic isolate of HIV-l in an amount 
effective to infect target cells and to generate target cells carrying proviral DNA from 
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said non-pathogenic HIV- 1. The term "vaccinating" should not be taken as limiting the 
invention to the prevention of HTV-1 infection by solely immunological means. The 
tenn "vaccinating" includes any means of preventing productive Infection of an 
individual by pathogenic HTV-1 . Particularly, preferred non-pathogenic strMxns of HIV- 1 
5 according to these aspects of the present invention are generally defined as encoding a 
modified protein such as a modified Nef protein and in particular a modified Nef protein 
which is substantially non-interactive to antibodies to amino acids 162 to 177 of wild- 
type HTV-1 Nef. 

) As an alternative to the above methods, a therapeutic composition as hereinbefore 
defined is administered. The non-pathogenic isolate may be administered inter alia as 
an isolated viral preparation or via infected blood cells. Another aspect of the invention 
provides a therapeutic composition fin* inhibiting or reducing the ride of infection by a 
pathogenic strain of HTV-1 said therapeutic composition comprising a non-pathogenic 
strain of HTV-1 or genetic sequences derived therefrom as hereinbefore described and 
optionally one or more pharmaceutical^ acceptable earners and/or diluent*. In a further 
embodiment, the ther ap e u tic compositions comprise the synthetic peptides comprising 
an amino acid sequence as set forth in SEQ ID NO:699 or a part, fragment or 
homologue thereof. Such a vaccine would generate high titre antibodies to a specific 
region of Nef protein. 

The therapeutic composition of the present invention is generally suitable for 
intravenous, intraperitoneal, intramuscular, intramucosal (e*g. nasal spray, respiratory 
spray) or other forms of parenteral administration* The therapeutic composition might 
also be administered via an implant or rectally or orally. In addition to the mutations 
contemplated above, the non-pathogenic HTV-1 strain may also contain one or more 
other mutations to further reduce the risk of reversion to virulence and/or to insert a 
genetic sequence capable of providing directly or indirectly an tdflctifiahh signal, having 
further anti-HTV-1 properties and/or immunostimulatory or oeO regulatory properties. 
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For example, the no»-pathogenic HIV-1 isolate in the therapeutic composition may 
comprise additional genetic material capable of directing expression of a ntig e n ic 
nucleotide re q ur rre f to inhibit expression of one or more proteins encoded by a 
5 pathogenic strain of HTV-1. Alternatively, sense co-suppression may be employed. 
Preferred i-^ t f or antigens*? molecules would reduce expression of the ne/gene or affect 
normal functioning of the LTR region. In a particularly pr ef er red embodiment, the 
nucleotide sequence encoding amino acids 162 to 177 is targetted by sense or antisense 
molecules. 

10 

According to this embodiment, the non-pathogenic HIV- 1 strain may be considered as 
a targeting agent to introduce genetic constructs capable of reducing expression of one 
or more HIV-1 proteins or polypeptides. In this embodiment there is provided a viral 
isolate which: 

IS (i) is genetically or immunologically related to a pathogenic strain of HIV-1; 
(ii) is substantially nonpathogenic in human subjects; 

(in) comprises a first nucleotide sequence constituting its genome which is capable 
of hybridising under medium stringency conditions to SEQ ID NO: 1 or a 
complementary form thereof, and 

20 (iv) comprises a second nucleotide sequenoe within said first nucleotide sequence and 
which second nucleotide sequence directs expression of a mRNA molecule 
capable of inhibiting, reducing or otherwise down-regulating transla tion of a 
protein or polypeptide encoded by a pathogenic strain of HIV* 1 or inhibit, reduce 
or otherwise down regulate operation of a non-protein <**Kodrng a region of a 

25 pathogenic strain of HIV-1. 

Preferred proteins or polypeptides targeted for reduced expression are tbosc encoded by 
one or more of the following: gag pot, ettv, tat. rev, vpu, ypr. v(f and/or nef genes. The 
most preferred protein or polypeptide targeted for reduced expression is the product of 
30 the ntf gene. Alternatively, the target nucleotide sequenoe does not encode a 
polypeptide or protein but is required for other functions such as integration or excision 
from the human genome or expression f genes on the viral genome* An example f 
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such a nucleotide sequence is the LTR region. Accordingly, the present invention 
extends to disruption to the function of such regions. 

In a particularly preferred embodiment there is provided a viral isoltte which: 
5 (t) is genetically or immunologically related to a pathogenic strain of HTV-1 ; 

(ii) is substantially non-pathogenic in human subjects; and 

(iii) comprises a nucleotide sequence which directs expression of a mRNA molecule 
capable of inhibiting, reducing or otherwise down-regulating translation of Nef. 

10 Preferably, the nucleotide sequence reduces levels of amino mods 162 to 177 in Nef. 
The above aspect relates to use of anttsense technology. The present invention extends, 
however, to use of ribozymes and/or co-suppression to achieve the nine results. In an 
alternative embodiment, or in addition to, the second (or optionally a third) nucleotide 
sequence encodes an antiviral agent (eg. interferon) and/or an immune enhancing agent 

IS 

The identification of deletions inter alia in the nef gene and/or LTR region in 
as ymp t om atic subjects provides a unique opportunity to study the in Wuo effects of 
attenuated HIV-1 strains carrying one or more mutations in selected genetic regions. In 
particular, the present invention provides a means for designing therapeutic compositions 

20 directed to inhibiting expression of a nef gene and/or LTR region in a pathogenic HIV* 1 
strain (such as contemplated above) as well as developing a therapeutic regimem aimed 
at inhibiting the activity of the nef gene product for the function of the LTR region. 
According to this latter embodiment,, the present invention provides a therapeutic 
composition comprising a molecule capable of inhibiting the intracellular activity of Ac 

25 nef gene product and/or LTR region, said composition further comprising one or more 
pharmaceutical^ acceptable carriers and/or diluents. In one preferred embodiment, the 
inhibition effects amino acids 162 to 177 of Nef 

The molecule contemplated by the above aspect of the subject invention may be a 
30 protein, polypeptide, peptide, chemical compound, sugar moiety or derivative of the nef 
gene product The molecule will need to be capable f entering an infected cell. Where 
the molecule is a protein, polypeptide or peptide, it may be encoded by the second 



MM0Mt*pfl4uavi.u*ui 



-51 - 

nucleotide sequence on the targeting vector as contemplated above. Alternatively, the 
molecule may be a nucleic acid molecule capable of targeting the nef gene or LTR 
region. Where the nef gent is targettod, the pre fe r red region is me nucleotide sequence 
which encodes amino acids 162 to 177 of Nef. 

5 

The deletion mutants of the present invention may result in a modified nef gene product 
either having no readily discemable activity or having activity different to the naturally 
occurring nef protein. In any event, if a mutant nef gene product is produced, it will 
generally have a lower molecular weight than the naturally occurring nef proton and will 
10 have a different overall amino acid sequence. Importantly, it will be imniunologically 
distinguishable from wild-type Nef in mat it will be substantially non-interactive with 
antibodies to a particular region of Nef. such as amino acids 162 to 177 of wild-type 
Nef. This provides, therefore, for a means for diagnosing individuals with benign HTV- 1 
infection by, for example, assaying for a modified nef protein or screening for a 
15 modified nef gent sequence. Alternatively, benign HTV-1 infection may be detected by 
assaying for a modified LTR region such as an altered nucleotide sequence. 

These aforementioned aspects of the present invention apply to screening deletion, 
truncation or other mutants of HrV-l«derived proteins where such mutations result in a 
20 strain of HTV-1 being substantially am-pathogcaic. Although a variety of procedures 
are available to detect a modified HTV-l-derived protein, a particularly convenient 
approach is to screen HTV-1 Infected individuals for the absence of antibodies to the 
deleted or truncated portion of a target protein. 

25 According to one embodiment mere is provided a method for detctmming the 
pathogenicity of a strain of HTV-1 after said HTV-1 strain infects cells of an individual 
said method comprising contacting • biological sample from said individual with a 
peptide corresponding to a deleted or truncated region of anHTV-lwkfived protein and 
screening for the absence of antibody binding to said peptide, wherein the absence of 

30 antibody binding is indicative f a deletion or tnmcati n in that protein and further 
indicative f the non-pathogenicity f said strain of HTV-1. 
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Ahhough this general methodology is applicable to any protein encoded by HIV-1 which 
is critical for pathogenicity in a host, it is particularly useful in screening deletions in 
the Kef protein. An exemplary deletion in the Nef protem»«U«p^of thesaquenee 
of amino acids 162 to 177 of Nef. Preferably, the assay would include a positive 
control such that where antibc<ii^ 

positive control. When a Nef protein carries a deletion at or about amino adds 162 to 
177. antibodies to this region would be absent in an individual infected by a non- 
pathogenic strain of HTV-1 and no binding would be detected to a peptide covering this 
region. 



According to a particularly preferred embodiment, there is contemplated a method for 
4^»wfaing the pathogenicity of an HIV-1 strain after said strain infects odls of an 
individual, said method comprising contacting a biological sample from said individual 
with an effective amount of a peptide having an amino acid sequence cmnprising or 
15 within amino acids 162 to 177 of wild-type fflV-l^j Nef. said contact being for a 
tune and under conditions sufficient for an antibody if present in said biological sample 
to form a complex with said peptide and then detecting the presence of said complex 
wherein the absence of a complex is an individual seropositive for HTV-1 is indicative 
of that the individual being infected with a non-pathogenic strain of HTV-1. The method 
may also comprise contacting the biological sample with one or more peptides derived 
from other regions of Nef such as flanking regions to amino adds 162 to 177 where 
anubcxhes to sue* other regiorisinay bee strains. 
This would provide a suitable positive control. A biological sample acceding to mis 
embodiment would be any source of antibodies such at serum and whole blood. 
25 Preferably, the peptides are immobilized to a solid support as described below. This 
method of the present invention is also applicable for detennining the risk of an 
individual seropositive for HTV-1 developing symptoms of AIDS. Again, s u b sta nt ia l 
absence of antibodies to amino acids 162 to 177 of Nef in an HTV-1 seropositive 
individual would be indicative of a low risk of an individual developing AIDS. 
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Other methods of screening for the pathogenicity or otherwise of strains of HTVM 
readily become apparent as a result of die present invention. For example, antibodies 
may be first generated to modified Kef proteins from non-pathogenic strains of HIV- 1 
5 where such antibodies would not recognise wild-type Ncf protein. 

According to one embodiment, there is provided a method for determining the 
pathogenicity of an HTV-1 strain after said HIV-1 strain infects cells of an individual, 
said method comprising contacting a biological sample from said individual with an 
effective amount of an antibody specific to a nef protein from a noo-pathogenic strain 
of HTV-1 (as hereinbefore defined) for a time and under conditions sufficient to form 
an antibody-modified protein complex and then detecting said complex. The 
presence of said complex is indicative of a modified ite/geoe product and of the non- 
pathogenicity of the strain of fflV-1. Alternatively, the isolated Nef oould be tested 
against a panel of antibodies where certain antibodies are specific to a deleted region. 
The absence of antibody binding would be indicative of a deletion and, therefore, a 
modified Nef protein and in turn a putative nonpathogenic fixm of die virus. The 
biological sample is a sample likely to contain the modified ntf gene product such as 
tissue extract or cell extract of an infected cell. However, where the modified nr/gene 
product is capable of permeation or transport out of die cell, suitable biological fluid 
would include serum, whole blood, lymph and mucosal secretion amongst other fluids. 

Many variations in the aforementioned assays are possible and are contemplated herein. 
For example, an assay could also be based on die inability for a ntf specific antibody 
25 to bind to a modified i*/ protein. For the purposes of the present invention the term 
"contacting" faiT h^ ng "mixing". 

The presence of a modified nef molecule, such as a molecule carrying * deletion, or 
other suitable HIV-1 derived protein in biological fluid can be detected using a wide 
30 range of immunoassay t*chni<pirq such as those described in US Patent Nos. 4,016,043, 
4,424,279 and 4,018,653. These include both single-she and two-site, or •sandwich", 
assays f the non-competitive types, as well as in die traditional competitive binding 
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assays and include ELISA and RIA techniques. Sandwich assays are among the most 
wrfiil an«* ^mm^ y **t*A **c%y* mnd awe favoured for use in the present invention. A 
number of variations of the sandwich assay technique exist, and all are intended to be 
encompassed by the present invention. Briefly, and by way of example only, in a 
5 typical forward assay, a modified nef product-specific antibody is immobilised onto a 
solid substrate to form a first complex and the sample to be tested far modified nef 
product brought into contact with, the bound molecule. After a suitable period of 
incubation, for a period of time sufficient to allow formation of an antibody-modified 
nef product secondary complex, a second modified nef protein antibody* labelled with 
10 a reporter molecule capable of producing a detectable signal, is then added and 
incu b a t ed, allowing time sufficient for the formation of a tertiary complex of antibody- 
modified nef product-antibody. Any unreacted material is washed away, and the 
presence of the tertiary complex is determined by observation of a signal produced by 
the r ep or ter molecule. The results may either be qualitative; by simple observation of 
IS the visible signal or may be quantitated by comparison with a control sample containing 
known amounts of hapten. Variations of the forward assay include a simultaneous assay, 
in which both sample and labelled antibody are added simultaneously to the bound 
antibody, or a reverse assay in which the labelled antibody and sample to be tested are 
first combined, incubated and then added simultaneous to the bound antibody . These 
20 techniques are well known to those drilled In the art, and the possibility of minor 
variations will be readily appar e n t The antibodies used above may be monoclonal or 
polyclonal. In a preferred embodiment, antibodies to Nef in an individual's biological 
fluid are screened for using peptides derived from Net The absence of antibodies to 
specific regions of Nef such as amino adds 162 to 177 would be indicative of a non- 
25 pathogenic strain of HTV-1. All such assays and variations of audi assays are 
encompassed by the pr e sent invention. 

The solid substrate is typically glass or a polymer, the most commonly used polymers 
being cellulose, polyacryUmide, nylon, polystyrene, polyvinyl chloride or polypropylene 
30 The solid supports may be in the form of tubes, beads, discs or microplates, or any other 
surface suitable for conducting an immunoassay. The binding processes are well-known 
in the art and generally consist f cross-linking covalently binding or physically 
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adsorbing the molecule to the insoluble carrier. 

By "reporter molecule", as used in the present specification, is meant a molecule which, 
by its chemical nature, produces an analytically identifiable signal which allows the 
5 detection of antigen-bound antibody* Detection may be either qualitative or quantitative. 
The most commonly used reporter molecules in this type of assay ait enzymes, 
fiuorophorcs or radionuclide containing molecules (i.e. radioisotopes). In the ease of an 
enzyme immunoassay, an enzyme is conjugated to the second antibody, generally by 
means of glutaraldehyde or periodale. As will be readily recognised, however, a wide 
10 variety of different conjugation techniques exist which are readily available to one 
skilled in the art Commonly used enzymes include horseradish peroxidase, glucose 
oxidase, 3»gal*ctosidase and alkaline phosphatase, amongst others. Hie substrates to be 
used with the specific enzymes are generally chosen for the production,upon hydrolysis 
by the corresponding enzyme, of a detectable colour change. It is also possible to 
15 employ fluorogenic substrates; which yield a fluorescent product 

Alternatively, fluorescent compounds, such as fluorescein and ihodamine, may be 
chemically coupled to antibodies without altering their binding oqpactty. When activated 
by illumination with light of a particular wavelength, the fluorochrome-labelled antibody 

20 adsorbs the light energy, inducing a state of excitability in the molecule, followed by 
emission of the light at a characteristic colour visually detectable with a light 
microscope. As in the EIA, the fluorescent labelled antibody is allowed to bind to the 
first antibody-hapten complex. After washing off the unbound reagent, the 
complex is then exposed to the light of the appropriate wavelength, the fluorescence 

25 observed indicates the presence of the hapten of interest Immunofluorescence and EIA 
techniques are both very well established in the ait and are particularly preferred for the 
present method. However, other reporter molecules; auch as radioisotope, 
chemituminescent or biolumlnescent molecules, may also be employed. It will be 
readily apparent to the skilled technician how to vary the procedure to nh 

30 purpose. It will also be apparent that the foregoing can be used to label a modified «/ 
product and to we same directly in the detection o£ for example, circulatory antibodies 
specific to said modified nef product 
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Alteniatively, genetic assays may be conducted to screen for abbeations in the ne/gene 
and/or LTR region. Such a genetic assay may be by Southern or Northern blot analysis, 
PGR analysis or the like using oligonucleotides specific to a deleted region of a ntfgcne 
and/or LTR region. 

5 

According to this embodiment there is provided a method for dete rmining the 
pathogenicity of an HTV-l strain after said HTV-1 strain infects cells of an individual, 
said method comprising determining directly or indirectly the presence of a deletion 
mutation in the genome of said HTV-1 wherein the presen c e of a such a mutation is 
10 indicative of the presence of • non-pathogenic strain of HTV-1. The deletion mutation 
may result in the genome being unable to synthesize a polypeptide or protein from 
pathogenic strain of HTV-1 or may direct the synthesis of a truncated or deleted form 
of said polypeptide or protein. For example, a Nef protein with amino adds 162 to 177 
deleted therefrom. The mutation may also lead to altered expression of a polypeptide 
15 detectable by, for example, decreased synthesis of a particular protein, such as the ntf 
gene product AJtenuttrvely, the deletion mutation affects the LTR region or a 
regulatory region of the HTV-1 genome. In either case, affected viruses may also be 
detected by. for example, observing low viral copy lutmbers such as low viral loads. 

20 Preferably, said non-pathogenic HTV-1 carries a deletion in its genome of at least 10 
nucleotides within the region from nucleotide 8787 to nucleotide 9709 using the 
nucleotide numbering of HTV-lv-,,. 



Preferably, said non-pathogenic HTV-1 carries a deletion In its genome of at least 10 
25 nucleotides from within • region selected from the list consisting of: 
nucleotide (i) 8830-8867; 

(ii) 9009-9035; 

(in) 9019-9029: and 

(iv) 9033-9049. 
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Preferably, said non-pathogenic HTV-1 carries a deletion in its genome of at least 10 
nucleotides from within a region selected from the list consisting of: 
nucleotide (v) 9281-9371; 
5 (vi) 9281-9362; 

(vii) 9105-9224; and 

(viii) 9271-9370. 



15 



Preferably, said non-pathogenie HIV-1 carries a deletion in ha genome of at least 10 
10 nucleotides from within a region selected from the list consisting of: 
nucleotide (ix) 8882-8928; 



(x) 8850-9006; 

(xi) 8792-9041 
(jriQ 9112-9204. 



and 



Preferably, said non-pathogenic HIV-1 carries a deletion in its genome of at least 10 
nucleotides from within a region selected from the list consisting of: 
nucleotide (xlii) 9105-9224; 

(xiv) 9389-9395; and 

20 (xv) 9281-9366. 

The above nucleotide numbers are based on the nucleotide numbering in the NL43 
genome. 



25 Particularly preferred oligonucleotides are based on the deleted regions of the rufgeae 
and/or LTR region such as but not limited to one or more oligonucleotides based on 
SEQ ID NO: 2 to SEQ ID NO: 613 and/or SEQ ID NO: 6S2 to SEQ ID NO: 799. 

Most preferred deeltions include deletions of one or more of SEQ ID NO:803 to 841 
30 which cover amino acids 162 to 177 of Nef. A particularly preferred genetic assay 
screens for mis deletion. 
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The present inventi a further extends to kits for the diagnosis f infection by pathogenic 
strains of HIV- 1 or for determining the pathogenicity of infecting virus. The kits would 
be in compartmental form each comprising one or more suitable reagents for conducting 
the assay. 

The present invention is further described by the following non-IimitLng Examples. 
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EXAMPLE 1 
Source Material 

of the following examples, non-pathogenic HTV-1 strains were isolated 
of HTV-1 infected blood. The recipients are dnrignfnd "C18", "C54", 
"C64" and "CI 24". The donor is identified herein as "D36". The place 
indicated after the abbreviation of "HIV. For example, St Vincents 
(HTVgjy) or Mac&rlane Burnet Centre of Medical Research, 



15 Melbourne (HTV, 



Exemplary viral isolates referred to herein as "CI 8" and "C98" were deposited at the 
PHLS Centre for Applied Microbiology and Research, European Collection of Animal 
Cell Cultures (ECACC), Division of Biologies, Porton Down, Salisbury, Wiltshire SP4 
20 OJO. CIS was deposited on 17 October, 1994 under Provisional Accession Number 
V94101706 and C98 was deposited on 31 October, 1994 under Provisional Accession 
Number V941031 169. Another isolate "C54" was deposited at ECACC on 10 March. 
199S under Provisional Accession Number V95031022. 



25 Figure U is a summary of the deletion mutants of the present tnvendon. 
Viruses are isolatable by the following procedures: 

1. Infected peripheral blood mononuclear cells (PBMCs) were co-cultured with 
HTV-1 seronegative donor PBMCs. A cenvenient source of seronegaitve donor 
30 PBMCs is a blood bank. The supercatants and cells are harvested every 7 days 

and fresh medium added with CD8 depleted PBMCs. CDS d epl eti on promotes 
me ability to isolate HTV-1. The culture and procedure Is continued for up to 
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approximately 5 weeks; 

2. The infected PBMCs are purified from whole blood and these cells are cultured 
alone for up to 5 weeks. PMBCs alone are used because the virus is mote likely 
to be monocyte tropic. Fresh medium is added weekly and supernatant fluid is 
harvested at this time; 

Supernatant fluids ate harvested every approximately 7 days, fresh medium and 
fresh HIV-1 seronegative CD8 depleted PBMCs are added at this time; 

HTV-1 seronegative PBMCs are pretieatsd with with M-CSF for approximately 
72 hours prior to the addition of infected PBMCs. M-CSF has been shown to 
enhance HTV-1 replication in monocytes (Oenddman «r at, 1988); and 

The supernatant fluid is harvested from the cultures of step 4 every 
approximately 7 days, fresh medium added together with HTV-1 seronegative 
stimulated CDS depleted PBMCs. The virus is isolated from the infected 
PBMCs. 

20 A particularly prefer red method of isolation is as follows: 

HTV negative donor PBMC were stimulated by culture in RPMI 1640 c ontaining 10% 
v/v fetal calf serum (FCS). 1 5 mM N-24iydroxyetnylpiperizine^ acid. 
0.1% wAr sodium bicarbonate with 100 IU/ml penicillin and 100 ug/ml streptomycin 
with the addition of 1 0 ug/ml PHA (Wellcome, Temple HOI, Dartfbrd, England) for 72 

25 h prior to co-culture. Fresh patient cdui (10 x 10* ©ells) were men co-cultured with the 
PHA-activated donor PBMC (10 x 10* cells). Iirmiediatdy on co-culture 2 
mixed cell population were UV mediated (254nm, SOOuW/cni 2 , ISsec), added back to 
the remaining cells and cultured for 29 days. After UV treatment cells wereresuspended 
at 1 x 10 6 cells/ml in RPMI 1640 containing 10% v/v FCS, IS mM HEPES, 0.1% w/v 

30 sodium bicarbonate, 25 ug/ml gjutamine, 100 IU/ml penicillin, 100 ugAnl streptomycin, 
2 ug/ml polybrene; 4ug/ml hydrocortisone (Sigma, St Louis, MO, USA), 20 U/ml 
interleukin 2 (Boehringer Mannheim, Germany) and 120 nU/ml anti-mterfcron (ICN 



10 



15 5. 
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Biocbemicals, Costa Mesa, CA, USA). Cells were maintained by half medium changes 
every 3 to 4 days after PHA stimulation, with the addition of fresh stimulated donor 
PBMC on days 7, 14 and 21. Virus production was assayed for by eell-fiee reverse 
transcriptase activity (Neate et al, 1987) or p24 activity (Abbott Diagnostics assay). 

EXAMPLE 2 
DNA Preparation and PCR Amplification 
Kon-pathogenic HTV-I (e.g. strain CIS) infected peripheral blood mononuclear cells 
(PBMC) were harvested 4 days after infection of phytoharmagg h iti n in (PHA) s n miilatrri 
HIV-1 negative donor PBMC cultured by the method of Neate et al (1987) and washed 
in phosphate buffered saline (PBS). PBMC from Donor D36 and Recipients C18. C54 
and C98 were prepared by Ficoll isopaque centrifugation of bufly coat cells and washed 
with PBS. 

Approximately 10 7 cells were lysed in 1ml lysis solution (0.45% v/v NP40, 0.45% v/v 
Tween 20. lOmM Tris-Ha pH 8.3, 40mM KC3 2.5 mM MgO^ tod digested with 
MugJml proteinase K (Boehringer Mannheim) at 55% for 1 hour followed by 100°C 
for 10 minutes Lysates were stored at -20°C 

All polymerase chain reaction (PCR) primers (Table 1) and sentencing primers (Table 
2) were synthesized using an Applied Biosystems model 391 DNA synthesizer using 
phosp horam idite chemistry. 

Strict physical separation was maintained for sample, PCR reagent mix and PCR reaction 
preparations as well as amplification and analysis. Final reaction mixes (50ul) contained 
2 ul neat or diluted cell lysate, 0 JuM each primer. 200mM dNTPs and 1.25 units Taq 
polymerase (Boehringer Mannheim) in PCR buffer, (lOmM Tris-Ha pH8J. 50mMKCl. 
lOOug/ml gelatine) adjusted to me optimum Mgd 2 conoantratkm for me primer pair 
(1.5-3.0mM). Aliquoted reagent mix was overlaid with 50ul mineral oil prior to 
addition of DNA template lysate. After template denaturatkm at 94°C for 3 min 
amplification was achieved with 30 cycles f 94°C, 1 min; 55°C 1 min; 72°C, 2 mins. 
A final elongation reaction was conducted at 72°C for 7 minutes. For double PCR 
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amplification 2 jil of first round product was added to the second reagent mix and 
amplified as before. 

PGR amplified DNA was checked for quality, quantity and fragment size by agarose gel 
5 electrophoresis in Tria-Acetate-EDTA buffer (Sambrook et at, 1989) stained in ethidium 
bromide and viewed by UV transillumination. 

EXAMPLE 3 
DNA Sequence Analysis 
10 The DNA sequence of PCR amplified HTV-1 regions was determined by the 
dideoxynudeotide method (Sanger et al, 1997) using Sequenase T7 polymerase (United 
States Biochemicals). 

PCR amplified DNA was purified by PCR Magic prep resin chromatography (Promega). 

IS Approximately 2 to 7 fig purified DNA phis lOng specific primer (Table 2) were 
denatured by boiling for 3 mins and snap flora to -20°G Tte initial h 
was for 3 minutes at 22% (room temperature) with ,s SdNTP (SOOCMmmol; Dupont) 
followed by dideoxynudeotide tennination reactions at 37% for 5 minutes. NP40. to 
0.45% v/v> was included in denaturation and reaction mixes (Bachman et al, 1990)* 

20 Sequencing reaction products were denatured in formamide and resolved on a 6% w/v 
polyacrylamide gel containing 8M urea, fixed in 10% v/v aoetio acid, 10% vfv methanol 
and dried. Following autoradiography on XK1 film (Kodak) the gd sequences were 
read assembled, translated to protein and aligned using die PC/OENE suite of programs 
(IntemOenetics* USA). 

25 
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TABLE i 
PCR PRIMERS 



1 PRIMER 


SEQUENCE 1, 5 


POSITION 2 j 


cm 


TGGAAOGOCTAATTT0OT(6 1 6) 


1-18 


a-2 


ATCTTCCCTAAAAAATTAGCCTGTC(61 7) 


2099-2075 


LTR-3' 


AGGCTCAOATCTGGTCTAAC(618) 


9559-9540 


SK68 


AGCAGCAGGAAGCACTATGO(619) 


7786-7805 


a-6 


TCXTAGAGATITTCCACAC(620) 


9709-9691 


KS-2 


AOTOAATAOAGTTAOOCAOG(621) 


8326-8345 


RT5'-v3 


GTAAGACAOTATGATCAOATA(622) 


2418-2438 


RT3'-v2 


TTGTAGGGAATTCCAAATTOC(623) 


4660-4640 


RT5'-v2 


CAGaATCCTACA0CTOTCAACATAATCfi24) 


2487-2506 


RT3'-vl 


GGGAATT(XTTATTCCTGCTTG(fi25) 


4655-4634 



1. Sequence is presented from 5' to 3' of the primer. 

2. Position b according to the numbering of HTV-1 in Myers ct al (1992). 

3. SEQ ID NOs are given in parentheses. 
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TABLE 2 
SEQUENCING PRIMERS 



PRIMER 


SEQUENCE 1 • 3 


POSITION 2 1 


KS3 


CCAOAAGTTCCACAATCC(626) 


85704553 


KS4 


TTCTTCTAOOTATOTOOAG(627) 


8753-8735 


KSS 


AGrrOAATTAOCCCTTOCAO(62S) 


9093-9075 


KS6 


TGCTAGAOA7TTTCCACAC(629) 


9709-9691 


SP2 


TOCTCTGOAAAACTCAT(630) 


8006-8022 


SP3 


CrTTCTATAOTGAATAOAO(63 1) 


8318-8336 


SP4 


TATTGOAOTCAGGAACT(«2) 


86184634 


SPR 


OOTCTAACCAOAGAGAC<633) 


9547-9531 



1. Er r "*** « y™* -* * A from y to V of the primer. 

2. Position is according to the numbering of HIV- 1 in Myers et of (1992). 

3. SEQ ID NOs are given in par en theses . 



EXAMPLE 4 
Cells and Cell Culture 
Peripheral blood was obtained from HIV-1 sero-negative volunteers and mononuclear 
cells prepared by centrifugation on a Ficoll/H ypaque density gradient (Peper et al, 1968). 
PBMC were activated with phytohemiigghitinln (PHA; lOug/10* cells) for 48 h at 37°C 
washed and then cultured in RPMI 1640 medium containing 10% v/v heat inactivated 
foetal calf serum, lSmM HEPES, 0.1% v/v sodium bicarbonate, 25ug/ml polybrene 
(Sigma), 10% vAv interieukin 2 (Boehringer Mannheim) and 1:1000 anti-faterferon 
(Miles) (IL-2 medium). Non-PHA stimulated cells were prepared In a similar manner 
except they were cultured in medium lacking PHA and IL-2. 
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EXAMPLE 5 
Antipeptide-antistra 

Antibodies specific for HTV-1 Nef were raised against • peptide corresponding to the 
predicted amino acid residues 15-27 (AVRERMRRAEPAA SEQ ID NO: 634) of Nef 
5 encoded by the HIV- 1 clone pNL4.3 (Kemp et al, 1988). The peptide was conjugated 
to keyhole limpet hemocyanin (KLH; Calbiochem, Behring Diagnostics. CA) via 
glutaraldefayde and this complex used to immunise sheep (0.5mg peptide 
conjugate/sheep). Antibodies to the peptide were purified by affinity chromatography. 
Reactivity of the antibodies with recombinant HTV-1 Nef 25 and 27 was demonstrated 
10 by immunoblotdng. 



EXAMPLE 6 

Reactivity ofanti-Nef (ls . 27) with HIV Cl8-trtfected Cells m Imimmoblotting 
Seven days post-infection HTV-1 ClS-ufected PBMCs and mock - infected cells were 

IS washed in PBS then lysed (0.5% w/v NP-40, 0.5% w/v sodium deoxycholate, 50mM 
Nad. 25mM Tris-HO, lOmM EDTA, 0.01% Wv sodium aside and lOmM 
phenybiethylsulpbxmymuoride). After nuclei were span out lysates were 
electrophoresed in a 13% w/v SDS-potyacryUmide gel (SDS-PAOE) and subsequently 
transferred to Hybond-C dtcoeelhuose (Amersham. Buckinghamshire, England) for 1 

20 h at 100 V using a Bio-Rad protein transfer cell (Bio-Rad, Richmond, Ca). Membranes 
were rxe-bcurjatBd wim 1% wAr BSA/PBS fte 

with affinity purified sheep anti-Ne^,^^ diluted 1:100, overni^ at room temperature- 
After three washes in 1% w/v BS A/PBS, the blots were incubated with donkey anti- 
sheep Ig conjugated to Wotin (Amenham. diluted 1:500) for 1 h at room ternperature. 

25 After extensive washing as described above the membranes were incubated with 
streptavidin-conjugated horse radish peroxidase (Amersham; diluted 1:500 for 1 h at 
room temperature. All dilutions were made with 1% w/v BSA in PBS. After former 
washing the membrane was developed with phenylenediamine substrate (Dako, 
Dapopatts, Denmark). The antibody preparation used in me tmmunobl o tri n g experiments 

30 was free of detectable antibodies to the immunogenic carrier protein and coupling 
reagent 
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EXAMPLE 7 
Analysis by Polymerase Chain Reaction Amplification 
A 5' fragment defined by primers Cl-1 and Q-2 containing the 5' LTR and part of the 
gag gene was amplified. DNA from HTV-1 CI 8 infected PBMC gave aa amplified 
5 fragment (amplimer) of about 1 .9 kb compared with 2. lkb for pHXB2 control template, 
implying a deletion of about 200bp from HTV CI 8. Further amplification of this 
fragment with primers defining the U3 region of the LTR (CM and LTR-30 gave 
amplimen of about 300 bp for HTV-1 C18 infected PBMC DNA compared with 340bp 
for CI 8 and D36 PBMC DNA and 484 bp for pHXB2 control. This implies the loss f 
10 approximately 140 to 180bp from the U3 region of these proviral DNAs. 

To analyse the ne/gene-3' LTR region, the nested primer pairs SK68-C1-6 and KS-2- 
LTR-3' were used ma double PCR. Amplimen of approximately 830bp were obtained 
for HTV-1 C18 infected PBMC DNA as well as for PBMC DNA from Donor D36 and 
IS Recipients C18, C54 and C98 compared with approximately 1230bp for pHXB2 DNA. 
These results suggest that about 400bp of DNA have been deleted from the Donor and 
Recipient proviral DNAs. 

In comparison, amplification of the polymerase gene region by double PCR with die 
20 nested primer pairs RT5'-v3-RT3'-v2 and RT5'-v2-RT3'-vl gave a fragment 
(approximately 2.1 kb) the same size as the molecular clone pHXB2 fragment for HTV- 1 
C18 infected PBMC DNA, suggesting that deletions from mis region were unlikely. 

EXAMPLES 

25 Nucleotide Sequence of the nef-3'LTR Region 

PCR amplification experiments indicated an approximatdy 200bp nucleotide deletion 
from both the nef gene and LTR regions of Donor D36 PBMC and Recipient C18 HTV-1 
proviral DNA. To Author analyse these regions, the DNA sequence was determined for 
the PCR amplified nef-3 ILTR region of D36 PBMC, C18 isolates HTV MBC and HlV^y 

30 as well as isolate C98 HTV infected PBMC proviral DNA. The 3' region was amplified 
with outer primers (SK68-06) and inner primers (SK68-LTR 3' or KS2-C16) and 
sequenced directly using a number f internal sequencing primers based on the HTV- 
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1 NL43 nucleotide sequence (Table 2). 

Alignment of die nucleotide sequences of the amplified 3' region of donor 036 PBMC 
and recipient CI 8 isolates ffl V,^ and HTV^y and C99 HTV (Fig 1) snowed a number 
5 of nucleotide sequences changes, including deletions, relative to the nucleotide sequence 
of wild-type infectious HTV-1 (HIV-l^j). In the region of alignm e nt , D36 PBMC 
lacked 291 nucleotides, C18 HTVgy differed in size by 388 nucleotides (comprising 
deletions of 397 nucleotides and an insertion of 9 nucleotides), C18 WVmbc differed 
by 456 nucleotides and C98 HTV lacked 158 nucleotides compared with HTV-l^j. 
10 The overall identity with HIV-l^j nucleotide sequence of D36 PBMC, CI 8 HTVgv, 
HTVmbc and C98 HTV nucleotide sequences, including deletions, was 73H (1 157/1596), 
67% (1459/1592), 62* (982/1592) and 79K (1105/1399), respectively. 

The D36 PBMC sequence differed from HlV-lja^j in a number of features. A change 
15 in the wild type tat termination codon from TAG to TCO (Ser) extended me third tat 
exon (which starts at splice acceptor 10) by a Further 15 amino acids to terminate at a 
conserved TAG (Fig 1). The resulting C-terminal peptide is rkit m charged amiik) adds 
(8/15) (Fig 2a). The wild type rev termination codon has also changed (TAG to GAG, 
Olu) and the third r*v exon is extended for 14 codons to terminate at a conserved TAG 
20 (Fig 2b). The encoded extra amino acids are niainly polar (11/14) and charged in nature 
(Fig 2b). The sequence also ciK^xfcs the C-tcnninal 237 

3) terminating at the normal termination codon. The D36 PBMC Env amino acid 
sequence has 85% identity with die HTVMj^j srqneyy». increasing to 89% if 
similarities are included. 

25 

There are significant differences from HIV- 1,^3 downstream of the#nv (gp4l) gene. 
A change in the fifth i*/codon, from TOO (Tip) to TOA (Fig 1), introduces an early 
tenniiiation in the D36 PBMC m^gene. The encoded Nef protein is identical to the N- 
tenninal 4 amino acids of HTV-In^ Nef (Fig 4). Following the early tenniiiation there 
30 are deletions of 33, 47, 93 and 91 nucleotides and a region of low sequence homology, 
compared with HTVM. prior to the wild type ^termination codon she (HTV-1 nts 
9405-9407). As well as removing a significant part of the ntf gene, these deletions also 
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bring into phase a further 6 termination codons. Whil the polypurine tract (plus strand 
primer binding site) and the first 38 nucleotides of the LTR U3 region are perfectly 
conserved, downstream U3 region sequences are disrupted by the 93 and 91 nucleotide 
deletions and the low homology region. The resulting U3 region lacks recognition 
5 sequences for the transcription factors e-myb, USF and TCFla as well as one of the 
suggested NF-AT sites (Gaynor et al„ 1992). Downstream from the 91 nucleotide 
deletion, a 59 nucleotide region of low homology contains two extra NFKB enhancer 
sites 19 nucleotides upstream of the usual site of a pair of NFKB sites, the upstream one 
of which is altered in its S'-half in D36- Sequences further downstream are highly 
10 conserved with respect to HTV-l^j, including the position and number of Spl basal 
promoter sites, TATA box, TAR and polyadenyiation signal sequences. 

Similar to D36 PBMC, the CI 8 HTV^v and HSV^bc •equences show me tat third exon 
to be extended by IS codons. All but two codons (altered by point mutations) are 
15 identical to those of DM PBMC (Fig 2a). The «v third exon of both CIS isolates is 
also extended (Fig 2b) but by only three codons, identical tome first three codons of 
the D36 PBMC rev extension. The same 237 amino acid coding region of Env gp41 Is 
found in both the C18 HTV DNA sequences (Fig 3) and shows 85% identify, increasing 
to 88% if similarities are included, with the same region of me HTV-l,^ Env gp41. 

20 

It is in the n^gene and LTR regions mat the major differences from wild-type HTV-1 
arise, just as in D36 PBMC The m/gene of CIS HTV^ encodes 24 amino adds with 
9 of the 10 N-tenninal being identical to the HIV-l,^ Nef protein (Pig 4). Thereafter, 
deletions of 177 and 1 1 nucleotides cause a frameshjtoandtemii^ 
25 (Fig 1). Downstream deletions of 120, 82 and 7 nucleotides cause further loss of wild 
type nef gene sequence and bring into phase a further three termination codons. 

The He/gene of C18 rOV^ encodes only 7 amino adds with only the initiator 
methionine identical to the rOV-l,^ Nef protein. This loss of identity and early 
30 termination is brought about by a 250 nucleotide deletion after the fifth nucleotide of 
the nef gene. Downstream deletions of 120 and 86 nucleotides cause further loss of 
wild-type ne/gene sequences. In both C18 isolates there is perfect conservation of the 
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polypurinc tract and 29/31 nucleotides at the 5' end of the U3 region immediately before 
the 120 nucleotide deletion (Fig 1). This deletion together with the downstream 82 and 
7 nucleotide deletions in fflV^ and 86 nucleotide deletion in WTVyac aad the low 
homology region cause the loss of the 5' half of the NRT-1 she (Yamamoto et al 1992) 
5 and the downstream NFAT site. A third NFKB site is present 31 (HlV^y) and 33 
(HTV MBC ) nucleotides upstream of the expected pair of NFKB sites which are 
themselves separated by 13 nucleotides instead of the 4 nucleotides in HIV-l,^. The 
S'-most Spl site sequence is slightly altered but sequences downstream including the 
other 2 Spl shea, the TATA box, TAR and polyadenybtkn signal sequences are 
10 identical to HTV-l^j sequence. 

The three sequences. D36 PBMC, C18 HTV^ and C18 HIV,^ show a number f 
similarities consistent with the transmission of virus from person D36 to person C18 as 
well as a number of differences indicating post-transmission divergence of sequence. 

15 All three have tat open reading frames (ORFs) extended by 15 codons. AH three have 
extended rev ORFs. The new rev tenninarion oodon in bom CI 8 HTV-1 isolates, three 
codons downstream of the HTV-1 rev termination codon, has a point mutation in 
D36 PBMC to make a Glu codon so mat H continues for a farmer 11 codons (Fig 2b) 
to termmate at a conserved TGA. The partial Env gp41 amino acid sequences are more 

20 closely related to each other (86% identity or 90% including similarities) man to HTV-1 
(85% and 89%, respectively). 

The nucleotide sequence of the ne/and LTR region of the HTV-1 isolate from recipient 
C98 (C98 HTV) is 90.3% identical (1264/1399) to the HTV-1 sequence, ignoring 

25 deletions. Similar to the D36 PBMC and C18 HTV^ and HTV,^ isolates me C98 
HTV sequence shows die third exon of to/ to be extended by 15 codons with all but one 
being identical to the D36 PBMC tat extension. Also, the rev gene b extended by 3 
codons, 2 of which are identical to the first 2 codons of the D36 PBMC rev extension. 
The sequence also encodes the C^enm^ 223 am temunatingat 

30 the normal tennination codon. The C98 HTV Env amino add sequence has 89% identity 
with HTV-1 Env sequence, increasing to 92% of similarities are included. 
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As with the D36 PBMC and the C98 HTV isolate sequences h it the *e/ gene and LTR 
legions that major differences from the HIV-1 sequence arise. The nef gene open 
reading frame of C98 HTV is much longer than in D36 PBMC, C18 HTV^y and 
HIVmbc encoding 85 amino acids compared with 206 amino tcids for HIV-l^,. 
5 Sixty eight of those 85 amino acids are identical to the N-terminal sequence of HTV- 
1nuj Nc£ The single, small deletion (16 nucleotides) in me C98 HTV *?/-aJooe regions 
(Table 3) occurs after »e/codon 82 causing a fremeshift and te rmination after a further 
3 codons at die start of die highly conserved polypurine tract s equence immediately 
before the 3*-LTR. The neflLTK region has two deletions totalling 142 nucleotides. 
10 The S'-most deletion of 42 nucleotides includes the splice acceptor 12 sesquenoc. The 
NRT-1, dyad symmetry and wyb response element sequences are all Intact However, 
the downstream 100 nucleotide deletion includes s e q umcrs from the 3' end of the 5'- 
NF-AT and aU of the 3' NF-AT sequences as well as the USF trsnscriptkm factor 
recognition sequence. The downstream low homology region of 77 nucleotides lacks 
IS the TCF-lcc sequence but has two additional NFKB sites 13 nurlmridcs apart and 26 
r ,„y~*tiA~ upstream of me 3'4uufnremmant of the normal 5*-NFKB the. Sequence 
downstream, including the 3'-NFKB site, the 3 Spl sites, TATA box TAR and 
polyadenyutdon signal sequences are all highly conserved. 

20 The main feature of the sequences is the series of deletions, with respect to HTV-1, in 
the fK/gene-3'-LTR region. These can be grouped into two regions namely the tttf- 
alone region, that part of die ne/gene upstream of die LTR, and the mc/LTR region, 
where the nef gene and LTR U3 regions overlap. Tbe ddetiOMm these remons of each 
of the sequences start and end at me same or similar positions (Table 3). Tbeddetions 

25 are larger in C18 HTVgy and CIS HTvYnc sequences where totals of 397 and 456 
nucleotides have been deleted (relative to HTV-1 compared to 291 a w rl r otiriW, from 
D36 and 158 nucleotides from C98 HTV. In me n*/-alone region die two deletions in 
CISIflVavandthesingteddetionm 

deletions in D36 PBMC Similarly, the «</7LTR region in the dn^ deletions in the CI 8 
30 mV^y. the two deletions in die C18 Hrv,^ and the D36 PBMC sequences occupy 
the —ma region. These findings indicate mat mutant virus was transmitted from D36 
to C18 after which further deletions and rearrangements occurred. Similarly, the 
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sequence f C98 HTV in the nr/LTR region indicates tw (fcledow occupying the Mme 
region as the «y7LTR deletions in D36 and the C18 sequences. However, the size (only 
16 nucleotides) and the position of the deletion in the «e/«lone region of C98 HIV are 
distinct from those of the D36 PBMC and C18 sequences. 

S 

The tuning of transmission of virus by transfusion was that recipient CIS was transfused 
approximately 19 months after C98. Consistent with the relative tuning of transmission 
and the sequence similarities and differences is the suggestion that at the time of 
transmission to C98, the D36 sequence had deletions in the mtfLTR region but not in 

10 «/-«lone region. After transmission to C98, the C98 virus developed further deletions 
and rearrangements, including die deletion in the ««/-alone region. The D36 virus 
evolved so that at the time of transmission to CI 8, further deletions and rearrangements 
had occurred including deletion of sequence from me we/alone region d 
C98 HIV Me/alone region deletion. After transmission to CIS, further deletions and 

15 rearrangements occurred in the CIS virus giving rise to at least two aeqn rnccs (HP^stv 
•ndWVMBc). 

The nej£«lone deletion region may be * mutation or recombination "hotspot" as it 
inchidessea.uencM that were foun^ 

20 sequences derived from 8 of 12 patients analysed in a study (Shugars tt al 1993). The 
sequence between the ne/alone and the neflTK region de le tions is highly conserved 
and is important in provirus integration into the infected cdl genome and interacts with 
a number of cellular proteins. It is interesting that die sequence equivalent to HTV- 
1^ nucleotides 9209 to 9225 is retained m D36 and C98 fflV but lost in me C18 

25 HTV sequences. This includes part of a sequence of dyad symmetry (9210 to 9231) and 
is a "e™ part of the binding site for NRT-1 (Yamamoto et el 1991) which has 
been shown to have a negative regulatory effect on HTV-1 exprcrgion The presence f 
mis sequence in D36 and C98 HTV and its absence from the CIS isolates may correlate 
with the inability to isolate virus from D36 PBMC and the poor replication of C98 HTV 

30 but the ability to isolate HTV-1 from C18 PBMC The deletion of sequence equivalent 
to nucleotides 9281 to 9395 f HTV-l,^ causes the loss of some tranacription factor 
binding sites including NF AT and USF from the D36, C18 HTV and C9S HTV sequences. 
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A further similarity between the D36. C18 mv &v , C18 HTVmbc end C98 HIV 
sequences is a region of low homology to HTV-1 extending downstream of the 
nefLTR deleted region to the NFKB enhancer/Spl promoter site region. This low 
homology region in fact consists of incomplete duplications of part of the NFKB/Spl 
region (Fig S) resulting in D36 and C98 HIV having 2 extra NFKB sites upstream of 
an altered 5' NFKB site while the C18 sequences have one extra NFKB site and altered 
spacing between the 5' and 3* wild type NFKB sites due to an insertion of 9 nucleotides. 



For the C18 and C98 HTV-1 isolates virus replication was assessed in PHA-stimulated 
10 and noii-stimulated PBMCs (Figs 6 and 7). In PHA-snmiuatod PBMCs we also studied 
ceil surface CD4 and IL-2R expression (Fig 8). In comparison with MV-1 wild-type 
SI and NSI isolates clearly both CIS MV^ and C98 viruses are replication 
competent, though C98 HTV replicates more poorly than CIS HP^uac • rc of ** 
NSI phenotype when syncytium formation and CD4 and IL-2R surface expression are 
IS tf««»" into account Additionally, and more surprisingly, these two viruses replicated 
ffl almost as efficiently in non-PHA stimidatrd PBMCs when compared to a typical local 

!>y wild type SI isolate (HTV-1 228200, Fig 7). 

I When protein expression was assessed for CIS MV^ and C98 mV^ although 

20 structural proteins were identified, no typical Nef protein was seen in infected cells. 
However, analysis of cell lysates prepared from PBMC infected wim C18 HTV,^ or 
PBMC infected with C98 mv,^ (which were subsequently stiniulaied by UV 
irradiation, see Valerie et al, 1988) by Western immunoMotting using two antibodies 
specific for the N-ierminal region of Nef showed thepresencecfsnuuler proteins of 19 
25 kDa and 21 kDa, respectively. These proteins were not observed In mock-injected 
control PBMC lysates and were not obs 

were probed with antibodies reactive wim the C-tenninus of Nef. 

Thus, although the CIS and C9S HTV isolates arc replication competent In vitro they 
30 clearly replicate differently using different conditions for ceO activation and from the 
known functions f HTV-1 Nef protein and the LTR show mat me major deleti n In the 
n</ gene and/or the LTR is at least In part responsible for the outcome f infect! n, 
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implicating the importance f Nef and/or th LTR in the clinical outcome f infection 
in vivo, 

EXAMPLE 9 

5 Determination of Degree of Relatedness Between Viruses 

To determine the degree of relatedness between viruses iuch as between mutants or 
between mutants and a wild-type virus and to ascertain putative infected patients, the 
method of Del wart et al was employed. 

10 EXAMPLE 10 

Immune responsiveness of subjects infected by non-pathogenic HIV- J isolate 
In this example, die donor and recipients of the cohort were tissue typed and isywd 
for basic cellular immune responses. Proliferative responses and DL-2 production to the 
mitogens ConA and PHA, to allogeneic mononuclear calls (irradiated pooled 

15 mononuclear cells from 20 random donors) and to recall antig e ns (eg. influ«7n and 
tetanus toxoid) were within normal ranges. While at the immunogenetic level, HLA 
typing failed to identify a consistently common allele or haplotype within the group. 

The conservation of CD4+ counts observed in ths cohort, the relative integrity of their 
20 immune system and the varied HLA types of the donor and recipients Anther supports 
the fact that the symptomless condition of the cohort mem b ers is due to a non- 
pathogenic strain of HIV-1 or a strain of low virulence. 

Accordingly, this provides a screening procedure for subjects putativdy infected by a 
25 non-pathogenic HTV-1 isolate where such subjects are seropositive for HIV-1 (e.g. have 
antibodies to an HIV-1 glycoprotein) yet have normal proliferative responses and 
cytokine production to mitogens, allogeneic mononuclear cells and to recall antigens. 
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EXAMPLE 11 
Clinical Immunology of Cohort 
To establish that the donor and the recipients belonging to the cohort exhibit normal 
immunological profiles, members of the cohort were assayed for CD3» GD4 9 CDS, 
lymphocyte count, CD4/CD8 ratio and {^microglobulin over time since 
seroconversion. 



10 



IS 



Parameters considered normal in non-infected individuals range as follows: 



CD3 
CD4 
CD8 

Lymphocyte count 

CD4/CD8 

(^•microglobulin 



55-82% 
29-58% 
12-43% 

1000-3500 (xl0*/L) 
0.7-3.7 

0.00-2.20 mg/L 



020-2200 (xl0*/L) 
420-1410 (xl0*/L) 
200-980 (xI0*/L) 



20 The results are shown in Figures 10(aHg) and clearly show mat the immunological 
profiles of cohort members are substantially normal further MflMigfrthgt the non- 
pathogenicity of the HIV-1 isolates of the present invention. Figure 10(g) shows a graph 
of the Kaplan-Meier (Ox and Oates, 1989) estimates of time to disease progr essi on 
(AIDS or CD4 > 250). The results demonstrate Chat the difference b large in spite of 

25 the conservative bias, with a median time to progression of ©\2 years in the main 
database. An exact logrank test (Cytel Software Corporation, 1989. StatXact Statistical 
Software for Exact Nonparametric Inference. Cambridge, Massachusetts.) was 
performed, demonstrating that the difference between the groups was highly statistically 
significant (logrank statistic 11.8, pO.OOOl). 

30 
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EXAMPLE 12 
Sequencing 0/ isolate MV-I CIB^ 
The genome of variant fflV-1 designated CIS HIV-1^ was amplified by the 
5 polymerase chain reaction (PGR) as 7 overlapping fragments using the acts of inner and 
outer oligonucleotide primers; designed using the programme PCRPLAN 
(IntdliGenetics), listed in Table 5 and either UlTma (Applied Btosystems) or a mixture 
of KlenTaq and Pfii (KlenTaq LA, Ab Peptides Inc) polymerases (for faithful 
amplification of long fragments). The resulting fragments were cloned into the Smal 
10 site of the plasmid vector pGEM7Zf<-. Insert-containing clones r e pr es entin g each region 
of the full length variant HIV-1 were sequenced by a nested deletion strategy (Gou St 
Wu, 1982) and cycle tnr^Hng with Taq polymerase and dye labelled primers 
complimentary to the T7 or SP6 sites within the cloning vector. Nucleotide seq ue nces 
were entered and collated by ASSEMQEL and SEQIN (IntetUGenetica) and SEQED 
15 (Allied Biosystems) and translated to Ac encoded amino add sequences using 
TRANSL (IntelliOenetics) programmes. Sequence alignments used NALIGN, 
CLUSTAL (IntelliOenetics) and SEQED programmes. 

The fell length sequence (Pig 9; SEQ ID NO:S00) of isolate HIV-1 CIS,^ is 9207 
20 nucleotides long which is 506 nucleotides shorter titan the HIV-1 sequence. This size 
difference is comprised of 126 nucleotides of insertions and 632 nucleotides of deletions, 
see Table 6. The most extensive differences between the HTVM 08*00 sequence and 
HIV-l^^ are in the U3 region of the LTR and in the ntf gene, as hereinafter 
described, 

25 

The 5* LTR has deletions of 120 and 87 nucleotides and a region of low sequence 
homology, which is the result of an imperfect duplication of the downstream NFkB and 
Spl response sequences. These result in the loss of sequence from a number sites 
important in the regulation of transcription of HIV-1 genes; Including the negative 
30 response element (NRE) and the response elements for a number of transcription factors 
including NF-AT, NRT-1, USF and TCF-la. Furthermore, the low homology region 
contains an extra NFkB and Spl sites as well as an insertion of 9 nucleotides between 
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the usual NFkB ntcs. Downstream f the NFkB sites the sequence of the LTR has a 
high level of homology (96.2%) with the same region of HIV- 1. 

The gag gene contains 3 insertions, which l e uicacn t direct repetitions of adjacent 
5 sequences. The first is a perfect repeat of 15 nucleotides after the equivalent of 
nucleotide 1134 of HTV-1 and adds 5 amino acids to the C-terminus region of 
pl7*"«. The remaining 2 insertions are imperfect and perfect repeats of 30 and 6 
nucleotides, respectively, after the equivalent of HTV-1 nucleo tid rt 2163 and 2232, 
respectively. These encode an extra 12 amino acids in me C4eniuto region of pl5«** 
10 just downstream of the gag to pol frameshift s e qu en c es The variation in sequence 
length of the gag gene at these two positions is unusual. The homology of the encoded 
amino acid sequence of HTV-1 Clft,^ and HTV-1 for the gag p!7, p24. and pi 5 
proteins is 87.1%, 93.5% and 94.3%, respectively. 

IS In the poi ORF, the encoded proteins have high homology wim the HTV-1 ^3 
sequences being 95.5% overall comprising plO protease 92.9%, p66 reverse transcriptase 
95.4% and p34 integrase 95.8%. The amino add sequence of the p61 RT lacks the 
nmfrrf^f associated with resistanee to the nucleoside (AZT, ddl, ddQand noo- 
nucleoside (Nevirapine) analogue drugs used in the treatment of HIV-l-mfbcted persons. 

20 

The W/gene encodes a 192 amino acid protein wim 88.0% homology with that of HTV- 
1. The vpr gene encodes a 96 amino acid protein with 89.6% homology wim mat f 
HIV-l^j. 

25 There are 2 insertions and 1 deletion of sequences in (he vpu gene. The insertions of 
3 and 9 nucleotides are after the equivalent of nucleotide 6071 and 6234, respectively, 
of HTV-l^j. These add 1 amino acid after amino add 3, tad 3 amino acids after 
amino acid 59 of the encoded Vpu protein. The deletion of 12 nucleotides after the 
equivalent of HTV-l^j nucleotide 6261 deletes 4 amino acids from the C-terminal 

30 region of Vpu as well as from the signal peptide of the am* polyprotdn, which is 
encoded by an overlapping reading frame. Amino acid sequence homology of HTV-1 
C^MBC Vpu with HTV-l^j is 85.2%. 
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The sequence encoding the env gpl20 has 9 insertions totalling 45 nucleotides (encoding 
IS amino acids) and the deletion of a total of IS nucleotides (encoding 6 amino acids). 
These are listed in Table 6. All of these events (insertions and deletions) are at positions 
in theory gene. This is within the «m> V3 coding region, immediately upstream of the 
5 sequence encoding the so called V3 tip (or loop) amino acid sequence, Qiy Pro Gly Arg. 
The V3 region sequence is that of a typical dade B subtype (North America, Europe and 
Australia) being identical to the elade B consensus sequence (based on 186 env 
sequences) at 29/35 positions. The type of amino add at positions 11 and 28 of the V3 
loop region (where position 1 is the Cys at amino acid 266 of the ewv gpl20) is 
10 predictive of the viral non-syncytium / syncytium forming phenotype (Fouchier et al, 
1992). The HIV-1 08^^ env gene encoded amino acid sequence has Ser at position 
1 1 and He at position 28 of the V3 loop region. The lack of a positively charged amino 
acid at both positions is strongly indicative of a non-syncytium viral phenotype. The 
overall amino acid sequence homology with HTV-Ij^ (ignoring deletions and 
15 insertions) is 86.1%. comprising 85.5% for the gpl20 region and 87.6% for the gp41 
region. 

Both the tat and rwv second exon open reading frames (ORF) are longer man in HTV- 
1 wm- K change of me mr termination codon from TAO to TOO extends the tat ORF 
20 to a downstream in phase termination codon extending the encoded tat amino add 
sequence by 15 residues, compared with the 86 amino add long HTV-Ih^j tat protein, 
to a total length of 101 amino acids. However, this is the usual length of the HTV-1 tat 
protein. 

25 Similarly, the normal rev tennination codon is changed from TAO to OAO. This 
extends the rev ORF to an in-phase termination codon 3 codons dewmstream so mat die 
encoded Rev protein is 119 amino adds long instead of the usual 116. 

As mentioned above the most extensive differences between the sequences of the isolate 
30 HTV-1 CI&mbq and HTV-l^^j are in the nef gene and the LTR region. While the ntf 
gene overlaps the 3' LTR, these differences are found in both the fie/alone and the nef 
I LTR overlap regi ns. The HTV C18 MBcr encoded nc/protdn la only 24 amino acids 
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long compared with the normal length of 206 amino acids. This severe shortening of 
die ne/ protein is due to the deletion of 188 nucleotides (the 177 and 11 nucleotide 
deletions) from the nef-alone region which also brings into phase a termination codon, 
TAO, at the resulting 25th codon. Downstream mere is further loss of potential nef gene 
5 sequences by the 120 and 87 nucleotide deletions situated otlxm// LTR overlap 
region. The resulting 24 amino acid w/ protein is identical to the N-terminus of the 
HIV-l^j ne/nt 9 of the first 10 positions. Thereafter, homology is lost completely. 

Some sequences used in the generation of mature mRNAs are altered or lost in Cl^^mc- 
10 The dinucleoude immediately after the splice donor site 2 (SD2) at nts 4818-4819 (HTV- 
1 MLO equivalent nts 4963-4964) is changed from the conserved GT to GC It is 
expected mat this change would lead to loss of function of mis site as a splice donor. 
Splice donor 2 is used in the processing of HIV- 1 transcripts to some of the mRNAs that 
encode Tat, Rev and ne/ proteins. Similarly the splice acceptor the 7 (SA7) sequence 

IS at nts 6477-6478 (HTV-l,^ equivalent nts 6602-6603) is changed from the conserved 
AO dinucleoude to TC This change is expected to lead to loss of function of this site 
as a splice acceptor. While this S A site is used in HTV-1 mRNA processing it is not a 
major site and is not used in the productio& of the regulatory proteins (Tat, Rev or nef) 
mRNAs. The space donor 12 site is absent from the CI 8^^ sequence (NL43 

20 equivalent nts 9161-9162) as it is within the first deletion region in the nef I LTR 
overlap region which occurs at nt 8797 and results in the loss of NL43 nucleotides 910S 
to 9224. It is significant mat the SA12 site is absent from the sequence of all of the 
cohort virus isolates so fir obtained as well as from the sequence of D36 PBMC, 
however, the C54 PBMC sequence does contain the SA12 site. SA12 is not used in me 

25 processing of mRNAs that enccxtette Normally SA12 is used 

in splicing in conjunction with SD1, 2, 3 and 4 and the resulting spliced RNA is 
probably not a mRNA but may have a regulatory role involving binding to cellular 
proteins (Smith ct aL 1992). 

30 An interesting feature of the sequence of the HTV-1 018,^. isolate is the deletion and 
rearrangement of sequence from the S'-LTRU3 region and me deletion f sequence 
from the nef gene (both nef alone and nef I 3' LTR regions). These being the nly 
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features of the sequence distinct from disease-causing HIV-1. The lack of AIDS or 
AIDS-Uke symptoms in the patient CIS is attributed to the effects of the loss of LTR 
sequence and / or the loss of nef coding sequences and their role in die pathogenesis of 

AIDS. 

5 

TABLE 4 

Primers used to Amplify Overlapping regions of HIV- 1 CISj^q 



1 0 Iriiir I'- Direct lo* rrlMr — am 

Oaordla*t» ImngtM (At) 



CL 1A 1 

IS CL 14 IH 

CL IB 1 

CL U Til 

20 cl ii ««a 

O* IS 1440 

CL UA til 

gl it mo 

25 

CL 2C SIS* 

GL A SST1 

CL 11 J2S1 

30 a. at ms 

CL IS 1441 

CL 24 1422 



35 

Underlined sequences depict added restriction enzyme site 

+ and * orientations refer to sense and antisense strands of the double stranded DNA 
scquenoe 



JO 

as 



TOCUU^OQCTMUCTtaCTODGRMJUUiaAC 
JUIWTtC IJMiUCUUlULtlO O CC 



10 

11 



rmcrocc 



21 
10 

IS 
92 

1* 
1# 




is 

17 

10 
2S 




OQ^rcrtiTctcraicrctctcTccAocT 



f*MM**p*4UOVI.USAJ0 
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TABLES 

Sequence Deletions and Insertions in HIV-I CISj^q. 
Compared with HTV-1,^4, 



Ooob or Region 



Position (nt) 
ClSme ML43 



Deletions 
(at) 



Insertion* 

(nt) 



10 



15 



20 



25 



30 



35 



40 



S' -LTR U3 


29 


29 


120 




5 ' -LTR U3 


•S 


205 


97 




S'-LTB U3 


154 


360 




9 


ff*g pi 7 




1134 




is 


9*9 PIS 


1982 


3163 




30 


9*9 pl5 


2061 


2232 






vpu 


5927 


6062 




3 




6092 


6234 




9 


vpu/*nv 


6128 


6261 


12 




env 


6492 


6639 




6 


tov 


6514 


6653 


2 




ttOV 


6524 


6665 


1 




«nr 


4620 


6772 




9 


4mr 


6646 


6779 




3 


«nr 


7011 


7141 


6 




«ov 


7140 


7276 


3 


m 


•av 


7195 


7334 




6 


«nv 


7266 


7399 


3 




«nv 


7279 


7414 




6 


«av 


7290 


7420 




2 


asv 


7300 


7429 


m 


1 


ur 


7214 


7441 


3 




emr 


7462 


7593 




3 




7471 


7599 




9 




9711 


9929 


177 




n*£ 


9723 


9019 


11 




nmt / LTR 


9799 


9104 


130 




B#/ / I/TR 


9954 


9290 


87 




LTR U3 


9923 


9435 
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EXAMPLE 13 
Macrophage Isolates ofHIV-1 C18 and HIV- 1 C98 

5 HTV-1 has been isolated from the macrophages of patients CIS and C98. 

Patient monocytes were prepared as follows. Whole blood was spun at 2000rpm for 10 
minutes Plasma was removed into a separate tube and the remaining cells were diluted 
1:2 in PBS' (magnesium and calcium free phosphate buffered saline). This was 
10 underlaid with 10 ml of Ficoll Isopaque and spun at 2000ipm for 20 minutes Cells 
were collected from the interphase and washed three times with PBS". These cells were 
then seeded into a 6 well Costar tray at a concentration of 1.0 x 10 7 /ml and allowed to 
adhere for 1 hour. Any non-adherent cells were removed by aspiration. 

IS Donor HIV-1 negative macrophages for use in co-cultivation were p rep are d as follows. 
Peripheral blood mononuclear cells were purified from whole Mood using 
Pkoll/Iaopaque density gradient. There cells were seeded at a concentration of 2.0 x 
10*/ml in teflon. PBMC were cultured in the presence of 3MgAnl of PHA and lOOOU/ml 
of M-CSF 3 days prior to co-culture. 

20 

On day of co-culture, donor PBMC were CD8 depleted. Dyna beads coated with anti- 
CD8 were used for this purpose. Dyna beads were washed race in PBS" and then 
applied to a magnet for 3 minutes. Supernatant was removed and the beads were then 
resuspended in 250/d of RF-10. Aliquots of 2.0 x 10 8 patient cells were then added to 

25 250/d (3 beads : 1 CD8 T-cell) of Dyna beads and allowed to incubate for 30 minutes 
cm ice with occasional mixing. After 30 minutes the cell suspension was placed onto 
a magnet for 3 minutrs The supernatant was then removed placed into a second tube 
containing 142 §d (1 bead : 1 CDS T-cell) of Dyna beads. This suspension was placed 
on ice for an additional 30 minutes with occasional mixing. After 30 minutes cell 

30 suspension was placed onto a magnet for 3 minutes. S upernat a nt was removed and 
washed once in RF-10. 
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For co-culture, CD8 depleted PBMC were then added to patient monocytes. Half media 
changes were done every 7 days for a period of 21 days. Aliquots of 2.5 ml of medium 
was removed from these cultures and replaced with CDS depleted donor PBMC in 
Iscoves containing 10% HuS (Human serum), 5% v/v FCS and SH w/v IL-2 and 
5 lOOOU/ml of M-CSF. Harvested supematants were spun at 1400 rpm for 10 minutes 
and stored as 1ml aliquots. Cell pellets were lysed In 200/d of lysis buffer for PCR 
analysis. Infection was quandtated using a p24 EIA Kit 

Cells were harvested from the co-cultures and used to prepare DNA as described above. 
10 The nef/ 3'-LTR region of both virus isolates was amplified by PCR using the above 
described primer sets and conditions (Example 12). The resulting amplimers were 
cloned into the plasmid vector pT7T3U19 and the nucleotide sequence determined by 
the Taq cycle sequencing method with dye-labelled primers. 

IS The C18 macrophage sequence has 3 deletions starting and finishing at positions within 
3 nucleotides of the same deletions in 08,^. The encoded #if/ protein is 3 amino 
acids long compared with 7 amino adds for CI^mbc- The low homology region of the 
LTR U 3 region of C18 macrophage is very similar in sequence to Clt^nc and 
similarly it has one extra up s trea m NFkB site. 

20 

On the other hand, die sequence of C98 macrophage has a number of differences from 
the C98 isolate. While it has exactly the same first deletion of 16 nucleotides just 
upstream of the polypurine tract (PPT), in the ntf*laae region, and exactly the same 
second deletion (position and size) h has an extra deletion of 18 nucleotides at HTV- 
25 1nl4 3 equivalent nucleotides 9206 to 9223. The final deletion is in approximately the 
same position as in the C98 isolate but is S nucleotides longer. The encoded fie/protdn 
is 34 amino acids long compared with 86 amino acids for die C98 isolate. The low 
homology region is very similar to the C98 isolate, having the same 2 extra upstream 
NFkB sites and completely lacking die normal 5*-NFkB site. 

30 
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EXAMPLE 14 

Construction and Use of an Infectious Molecular done 

5 Molecular biological techniques can be used to construct a molecular clone of, for 
example, HTV-1 CI Two schemes may be used In the first scheme genomic 

DNA, extracted from either the CD4 positive PBMC of the patient C18 or donor PBMC 
that have been infected with the isolate FflV-1 CI 8,^ , is used as the template for 
polymerase chain reaction amplification, using thermostable polymerase of high 
10 transcriptional fidelity (eg UlTma polymerase or KlenTaq/Pfu polymerase mixture), of 
long (6 to 7 kb) overlying fragments representing the S 9 - and 3 v -paits of the HTV-1 
C1*MBC Proviral genome of total length 9207nir The amplified fragments may then 
be ligated together after digestion with a restri 

common to the overlapping region of the amplified fragments, for example fee unique 
IS Bgl I or Noo I sites. Ligation of this foil length proviral DNA into a plasmid vector 
will allow its propagation in E coli and the subsequent preparation of large (mg) 
quantities of this molecularly cloned proviral DMA. 

In the second scheme donor PBMC that have been infected with (he isolate fflV-1 
20 CISmbc are used as a source of non-integrated proviral DNA which can be extracted 
from the infected cells by the Hiit extraction method (Hirt, 1967). Circular proviral 
DNA molecules may be linearised by digestion with a restriction enzyme that cleaves 
at a unique position in die genome (eg the Bgl I or Nco I sites). The resitting linearised 
molecules can be ligated into a plasmid or, more usually, a bacteriophage lambda (A) 
25 based vector (eg Charon 4a, XWES) after modification of the end to provide blunt or 
oohesive ends compatible with the vector. Transformation or transduction otE coli with 
the recombinant plasmid or bacteriophage material, respectively allows the propagation 
of the proviral DNA. Clones of E coll containing proviral DNA may be s e le cted and 
DNA prepared. Molecular clones of retroviral genomes prepar ed in this way are often 
30 permuted. Rearrangement to the functional arrangement of sequences is achieved by 
restriction enzyme cleavage and rdigation f fragments to reconstruct the correctly 
permuted proviral genome* 
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Hie moleculariy cloned DNA products of both schemes can be used to prepare variant 
proviral genomes that may be used as the basis of a biologically ■tfrnmttfld HIV-1 
vaccine strain. Similarly, they may be modified to contain extra DNA wequmc n in the 
undone deletion region that may deliver sequences that may be of therapeutic 
5 advantage (eg antisense or ribozyme sequences). 

Infectious vims particles of HTVM 018^^ , or modified virus, can be produced by 
tzansfection of human cells (eg HeLa cells) which will produce, and release to the 
culture medium, virus particles of HIV-1 08^^ , or modified virus. These virus 
10 particles can be used to infect a variety of CD4 positive cells for further propagation or 
experimentation. 

EXAMPLE IS 
In vivo Primate Model 

15 Following construction of infectious molecular clones of the mutant HIV-1 strains, 
studies are then undertaken in primates to establish attrnuatton, immuaogenicity and 
vaccine prophylactic efficacy. All studies compare mutant clones of HIV-1 with 
isogenic wild-type (WT) virus. Initial studies are performed using the uacaque (A£ 
ntmlstrind) model of HIV-1 infection. Macaque-infectious WT HIV-1 and mutant 

20 d<mes are compared with respect to duration of viremia, anatomic sites of replication, 
and cellular and humoral immune responses. Where the mutant HIV-1 clones induce 
an immune response in the macques infected, challenge studies with WT virus are also 
performed. Studies are performed in a limited number of riiimpwMncs , generally In 
parallel with the macaque studies. Relevant mutations are engineered into WT HIV-1 

25 clones previously shown to produce chronic infection in chimps, and the course of chimp 
infection with mutant denes compared with historical controls. If infection is 
established, WT challenge studies is also performed. 

Examples 16 to 21 relate to the screening of antibodies in HIV-1 infected individuals 
30 to peptides covering regions of Net 
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EXAMPLE 16 
Study Subjtcti 

Serum sample* were obtained from seven MV^ve individuals, D-36, C-124, C-98, C-64, 
5 C-18, C-49 and C-54. Individuals C124, C-98, C-64, C18, C49 and C-54 (recipients) 
were infected through units of blood or blood products from donor D36, over a 2-year 
period. Long-term follow-up of the six recipients and the donor, shows persistent long 
term asymptomatic infection. This group is referred to herein as the long term non- 
progressor 1 (LTNP1) cohort Member* of this cohort have been infected for an average 
10 of 11 years (10.75 to 14 years) and it was established that the donor had been infected 
since April, 1981 (Learmont et al, 1992). Regular follow-up includes history, physical 
eKamination, full blood count, T-cell subset counting and measurement of serum p24 
antigen and ^-microglobulin concentrations (Learmont ef at, 1992; Learmont et al t 
1995). As controls, sera were obtained from 14 HTV-1 negative Individuals (HTV-l-ve). 
4 patients who were infected with HTV-1 through sexual activity or through blood 
transfusion and are also considered long-term non-progressors and 12 HTV-1 positive 
(HTV-I+ve) individuals mat have developed clinical infections (kmg term pr ogrcssors, 
LTP). Sera from patients with autoimmune disease and who were HTV-l-ve were also 
employed. 

EXAMPLE 17 
Peptide Synthesis 

Peptides corresponding to amino add residues 1 to 19, 20 to 36, 44 to 65, 72 to 83, 89 
to 97, 109 to 114, 121 to 136, 162 to 177, 164 to 186 and 187 to 206 of HTV-1 nef 
(HIV-lu,^) were synthesized using standard t-Boc chemistry and purified by high 
pressure cinematography as described elsewhere (Fecondo et at, 1993). 

EXAMPLE IS 
Expression of recombinant HJV-l Nef protein bt £ ooH 
The large scale expression of the 27 kDa form of HIV-1}^ in £ eoft and subsequent 
purification were as described by Azad et al (1994). 
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EXAMPLE 19 

Screening of sera from MV-I+ve individuals and control MV-l-ve groups 
for reactivity against Nef protein and derived peptides by direct EIA 
For detecting antibodies that recognise the Nef protein or its peptide derivatives, highly 
5 purified full length Nef protein or peptides corresponding to the Nef man 

acid sequence were coated onto the wells of 96- well polysyrene microthre plates at 100 
ng/well or 500 ng/well m PBS, respectively. Peptides and proteins were allowed to coat 
for 2 h at 37*C. After this incubation period the wells were washed three times with 
PBS containing 0.05% v/v Twees 20 (PBS-Tween) and any remaining available sites 
) on the wells blocked by incubation of 150ul of gelatine (IS w/v) in PBS for 1 h at 
37°C Following washing with PBS-Tween as described above, 50ul of serum diluted 
in PBS/BSA (1H w/v) was added to the wells and incubated for 1.5 h at 37°C. Sera 
added to the wells included that from the seven cohort members (D36, C98, CI 8, C54, 
C49. C64 and C124 [see Learmont et ol, 1992]) and the control groups described above. 
The wells were again washed with PBS/Tween and subsequently incubated with 50uJ 
of biotinylated sheep anti-human Ig (diluted 1 :1000 in 1% w/v BSA/PBS; Amenham) 
for 1 hat 37*C Following further washing, S0|tl of Streptavidln-HRP (diluted 1:1000 
in IN w/v BSA/PBS; Dakopatts) was added Id the wells and the plate fawbated at 37*C 
for 30 min. An aliquot of lOOul of substrate (0-phenylenediamine, 8igma) was finally 
added after washing and the plate allowed to Incubate at room temperature for 15 min. 
The reaction was stopped by the addition of 1 N ti£0 4 and the plate read at 450/630 
am using a Titertek plate reader. 

EXAMPLE 20 

Recognition of full length recombinant Nef protein by patient sera 
The prevalence of a Nef-specific antibody response in the cohort members (referred to 
herein as (LTNP1), long term progressors (LTP) HTV-l+ve Individuals and another 
group of long term non-progressors (LTNP2) patients who were infected by different 
donors was assessed by EIA. Sera obtained from 14 normal individuals (HTV-l-ve) and 
14 individuals with autoimmune disease (A/HTV-l-ve) were used as controls. 
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All individuals who were classified as LTP patients demonstrated hig|& levels f 
antibodies that recognised full length Nef protein (Figure 12a). Sera obtained from 
HTV-l-ve or the A/HIV- 1-ve groups showed only low level recognition, which was 
5 considered at background levels, towards Nef protein (Figure 12b(iXiii)). In contrast 
to normal individuals, sera obtained from the LTNP1 cohort showed high recognition 
of Nef (Figure 12cX indicating the presence of significant levels of Nef antibodies in the 
sera of these individuals. The sera titered out to approximately 1:3000. Similar levels 
of Nef antibodies were observed in the LTP group (Figure 12a). Nef-positive antibodies 
10 were also detected in the LTNM group and again titered at 1:3000 dilution (Fig^ 12d). 

EXAMPLE 21 
Recognition of Nef-derived peptides by sera 
Recognition of synthetic peptides, which correspond to amino add sequences of Nef, by 
15 the LTNP1 cohort was assessed Various peptides were assessed to detect those 
antigenic epitopes of Nef protein recognised by these individuals. Peptides 
corresponding to amino acid sequences 1 to 19; 20 to 36; 44 to 6S; 72 to S3; 89 to 97; 
109 to 114; 164 to 186; 187 to 206; 121 to 135 and 162 to 177 of HTV-1^ Nef 
protein were used to screen sera far the presenoeof specific antibodies. All aera from 

20 the LTP group recognised all NeMerived peptides tested (Figure 13a(iM*))- Sera 
titered between 1:1000 and 1:10.000. Sera from patients with autoimmune disease 
displayed only low background non-specific recognition. Normal sere from HTVM-ve 
individuals tested to date also displayed only background activity (Figure 13b). Sere 
from the LTNP1 and LTNP2 groups also showed significant reactivity against Nef 

25 peptides corresponding to Nef amino add sequences 1-19, 20-36, 44-65, 72-83, 89-97, 
109*114, 121-135, 164*86 and 187-206 (Figure 13c(iMx) tnd d(IHx)). Sere from the 
LTNP2 group also showed significant reactivity against Nef peptide 162-177 (Figure 
13dCXx», similar to that showed by the LTP group, indicating that this region of Nef 
was immunogenic However, sera from the LTNP1 cohort showed no significant 

30 reactivity towards peptide 162-177 above background levels obtained with normal HIV. 
1-ve sera (Figure 13c(iHx)). '**ti^t™ g that this group f individuals were exposed to 
cells expressing a Nef protein which did not contain this region. While sera from the 
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LTNP1 cohort did not react with the peptide corresponding to amino acid residues 162- 
177 of Nef, the sera from all patients did recognise a longer peptide, 164 to 186, which 
CBCompassffd most of Nef 162-177. This dearly indicates that the sera recognised 
antigenic epitopes between 177-186. 

5 

These results clearly indicate that all individuals from the LNTP1 cohort were exposed 
at some tune to HIV- 1 Infected cells expressing a Nef protein mat only had a small 
t\*lrtinn ^wftrttnpagqng smino acids 162 to 177. 

10 The antibody ***ting has identified an antigenic region in the Nef protein which if 
deleted gives rise to attenuated HTV-1 viral strains. Hence, testing of me HTV-1 positive 
population may identify further examples of individuals infected with attenuated viral 
quasisnccics. Additionally, lack of recognition of this antigenic epitope offers an 
antibody assay for testing •nim*U experimentally infected with an HIV-1 nef attenuated 

IS viral strain, in particular deleted in the region covering Nef amino acids 162 to 177 
(relative to HTV-l^^ Nef). 

Those skilled in the art will appreciate mat the invention described herein is susceptible 
to variations and modifications other man those specifically described. It is to be 
20 understood that the invention includes all such variations and cnodificaticms. The 
invention also includes all of die steps, features, compositions and compounds referred 
to or indicated in this specification, individually or collectively, and any ami all 
combinations of any two or more of said steps or features. 



ttMM#ta»ayfcHIVI.U1A.» 

- 89 - 

BIBLIOGRAPHY 

AZAD et al (1994) J. Gen. Virol 75: 651-655. 

BACHMANN B. LOKE W AND HUNSMANN G (1990). Nucl Acids Res 18: 1309. 

BARRE-S1NOUSSI F, CHERMANN JC, REY F, et al (1983) &4r#K» 868-871. 

BUSCH MP, EL AMAD Z, SHEPPARD HW, ASCHER MS. LANG W (1991) If Engl 
J Med 325: 733-735. 

CHENG-MAYER C, SHIODA T, LEVY JA (1991) /Fto/ *5; 6931-6941. 

CLERIC! M. STOCKS NI. ZAJAC KA.etal (1989) 7 ate /mwtf «: 1892-1899. 

COX and OAKES (1989) Survival Analysis, Chapman 4 Halt 

DANIEL MD, KIRCHHOFF F, CZAJAK SC. SEHGAL P AND DESROSIERS RC 
(1992). Science 253: 1938-1941. 

s 

DELWART EL, et al (1993) Science 262: 1257-1261. 
FECONDO et al (1993) AIDS Res. Hum. Retro. 9: 733-740. 
FOUCHER RAM, et al (1992) J. VtoL 66: 3183-3187. 
GAYNOR R (1992). AIDS 6m 347-363. 

GOV L-H and WU R. (1982) Nucleic Acids Research 10: 2065-2084. 
OREENWAY et al (1994) Virology 198: 245-2S6. 



-90- 

GROENINK M. FOUCHIER RAM, BROERSEN $, et al (1993) Science 260: 1513- 
1515. 

HAMMES SR, DIXON EP, MALIM MH, CULLEN BR and GREENE WC, (1989) 
Proc Natl Acad Set USA 86: 9549-9553. 

HIRTB. (1967) J Mot Biol 26: 365-369. 

HWANG SS, BOYLE TJ, LYERLY HK. CULLEN BR (1991) Science 253: 71-74. 

KASLOW RA, DUQUESNOY R, VAN RADEN M, KINOSLEY L, MARRARI M. 
(1990) Lancet 335: 927-930. 

KEMP BE, RYLATT DB, BUNDESEN PG, DOHERTY RR, MCPHEE DA. 
STAPLETON D, COTTIS LE, WILSON K, JOHN MA, KHAN JM, DINH DP, MILES 
S ft HILLYARD CJ (1988). Science 241: 1352-1354. 

KESTLER HW. RINGLER DJ, MORI K, PANICALI DL, SEHOAL PK, DANIEL MD 
ft DESROSIERS RC (1991). Cell 65: 651-662. 

KIERNAN Ketal (1990) AIDS Res. Hum. Retroviruses 6: 743-752. 

KIM S, DCEUCHI K, BYRN R, GROOPMAN J and BALTIMORE D (1989) Proc Natl 
Acad Set USA 86: 9544-9548. 

LANG W, PERKINS H» ANDERSON RE, ROYCE R, JEWELL N. WILKELSTEIN 
W. (1989) JAcqutr immune Defic Syndr 2: 65-69. 

LEARMONT J, TEND ALL B, EVANS L, CUNNINGHAM A, CUNNINGHAM P. 
WELLS J, PENNY R. KALDOR J AND COOPER DA. (1992). Lancet 340: 863-867. 

LEARMONT J et al (1995) AIDS Res. Htm. Retro. 11: 1. 



M0jM,»*«—V».IBVlU3AJI 



-91 - 

LEGUERN M. SHIODA T, LEVY JA, CHENG-MAYER C (1993) Virology 195; 441- 
447. 

LEVY JA, (1993) AIDS 7; 1401-1410. 

LIFSON AR, BUCHBINDER SP, SHEPPARD HW, et at (1991) J infect Dis 163: 
959-965. 

LUaW PA, CHENG-MAYER C and LEVY JA (1987) Proc Had Acad Sci USA 84: 
1434-1438. 

MANIATIS Tetal (1982). Molecular cloning. A Laboratory Manual, 1st edition Pub. 
Cold Spring Harbor' Laboratory Press. 

MOSIER DE, OULIZIA RJ, MAQSAAC PD, TORBETT BE, LEVY JA (1993) 
Science 260:6*9492. 

MYERS A, KORBAR B» BERZOFSKY JA, SMITH RF ft PAVLAKIS SA eds (1992; 
1993; 1994). Htmito retroviruses and AIDS. A compilation and analysis of nucleic acid 
and ""j~> acid sequences. Pub Theoretical Biology and Biophysics Group. Los 
Alamos National Laboratory, Los Alamos, NM USA. 

NEATE EV, HEALY DS, PRINGLE RC, GUST ID, AND JOWLETT JMB (1987). 
An* NZ J Med 17: 461-466. 

NIEDERMAN TMJ, THEELAN BJ. and RATNER L. (1989) Proc Nad Acad Sci USA 
86: 1128-1132. 

PEPBR RJ, TINA WZ. 8t MICHELSON MM (1968). J Lab Clin Med 72: 842-846. 

SAMBROOK et al (1989) Molecular Cloning. A Laboratory Manual. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY. 



MMN*t***HIVMJIAJl 

- 92 - 

SANGER F, NICKLEN S AND COULSON AR (1977). Proc Natl Acad Set USA 4: 
5463-67. 

SHEPPARD HW, LANG W, ASCHER MS, VITTTNGHOF E and WINKELSTEIN W. 
(1993) AIDS 7: 1159-1166. 

SHIODA T. LEVY J A. CHENG-MAYER C (1992) Proc Natl Acad Sci USA 89: 
9434-9438. 

SHUGARS DC, SMITH MS, GLUECK DH, NANTERMET PV, SEHXIER- 
MOISEIWTTSCH F AND SWANSTROM R (1993). J Virol 67: 4639-4650. 

SMITH J, AZAD AA, and DEACON NJ (1992) J Gtn Virol 73: 1825-1828. 

SULLIVAN N, THALI H FURMAN C, HO DD, SODROSKI J (1993) J Virol 67: 
3674-3679. 

TBEUWSEN VJP, SIEBELINK KHJ, DE WOLF F, OOUDSMTT J, UYTDEHAAG 
FGCM, OSTERHAUS ADME (1990) AIDS 4: 77-81. 

TERSMETTE M, DE GOEDE REY, BERT JM. etal (1988) J Virol 62: 2026-2032. 

TERWILLIGER E. SODROSKI JO, ROSEN CA, and HASELTTNB WA, (1986) J 
Virol 60: 754-760. 

YAMANOTO K MORI S, OKAMOTO T, SMNOTOHNO K AND KYOGOKU Y 
(1991). Nud Acids Res 22: 6107-61 12. 

YANISCH-PERRON C VffilRA J, and MESSING J Gtm 13: 103-119. 



